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Economic growth in Asia is changing population health profiles. Family structures, 
environments, occupations, education, and health behaviours have also changed and 
science-based health services have evolved. As part of this ‘health-risk transition’, non-
communicable diseases including type 2 diabetes mellitus (T2DM) have emerged. While 
the major causes of the diabetes epidemic in western, high-income countries are well 
documented, little is known of T2DM in developing Asia. The knowledge gap includes 
Thailand, which needs to identify local factors driving its T2DM epidemic.  
Aim 
This thesis aims to better understand the epidemiology of T2DM emerging in Southeast 
Asia.  
Methods 
Participants were from the Thai Cohort Study (TCS) of the health-risk transition. They 
were distance-learning adult students living all over Thailand, enrolled at Sukhothai 
Thammithirat Open University, and surveyed in 2005, 2009, and 2013 using mailed 
questionnaires that covered socio-demographic characteristics, lifestyle behaviours and 
self-reported health outcomes. In addition to these data, physician telephone interviews 
were conducted to validate self-reported questionnaire responses (2015); and a dietary 
survey was conducted to assess transitional dietary patterns (2015).  
Multiple logistic regression was used to calculate odds ratios and 95% confidence 
intervals (CIs) for longitudinal associations between exposures of interest and T2DM. 
Non-linear associations of body mass index (BMI) and T2DM were modelled using 
restricted cubic splines. Counterfactual mediation analysis explored sugary drink linkage 
to T2DM. Population attributable fractions and potential impact fractions were calculated. 
Principal component analysis identified dietary patterns and multivariable linear 
regression produced standardized coefficients and 95% CIs for associations between 
socio-demographic measures and dietary pattern scores. 
iv 
Results 
Physician telephone interviews of a cohort sample demonstrated high validity of 
questionnaire self-reported doctor diagnosed T2DM suggesting that self-reported doctor 
diagnosed T2DM is a feasible and acceptable method for assessing diabetes in 
epidemiological studies. 
Overall eight-year T2DM incidence was 177 per 10 000 (95% CI 164-190) with higher 
incidence in men. For both sexes, factors most strongly associated with T2DM risk were 
greater age and BMI. Two-thirds of all T2DM cases could be attributed to overweight 
and obesity. T2DM risk increased at BMI levels <23kg/m2. The increasing T2DM risk 
associated with body size became statistically significant at a BMI of 22 kg/m2 and 20 
kg/m2 in men and women, respectively. For both sexes, living in urban areas increased 
T2DM and risk of consuming unhealthy dietary patterns, while a higher income 
associated with healthy dietary patterns. In Thai men, smoking and alcohol consumption 
increased T2DM risk. In women, sugary-drink consumption increased T2DM risk, of 
which 23% was mediated through obesity. In men, income and education were associated 
with increased T2DM risk. In women, education protected against unhealthy dietary 
intake. Overall, women tended to have safer behaviours (e.g. low prevalence of smoking 
and alcohol consumption) and better outcomes (e.g. lower prevalence of obesity and 
lower rates of T2DM). 
Conclusions 
Findings from young to middle-aged, educated Thai adults nationwide show that self-
report of incident T2DM is a valid method for assessing diabetes in epidemiological 
studies, T2DM incidence in Thailand is high, and accompanying lifestyle and socio-
demographic transitions are driving the T2DM epidemic. Thai men are likely to be in the 
middle stages of the health-risk transition while women are more advanced. Health-risks 
for T2DM are changing substantially and could be modified. These risks need to be 
targeted to prevent and control diabetes in Thailand. 
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The global situation with diabetes has been summarized well by Jean Claude Mbanya, a 
prominent scholar in this field  
“No country is immune to the threat and no country is fully equipped 
to repel this common enemy alone. The coming fight will require a 
united stand with the full support of the international community, for 
this is a battle the world cannot afford to lose” (Mbanya, 2009). 
Kofi Annan, former UN secretary general reinforces this view and adds his own 
perspective 
“Without tackling the diabetes epidemic which is now gripping our 
world, we will, I fear, find many of our ambitions for the future 
simply impossible to achieve” (Annan, 2008). 

1 Introduction 
This thesis reports my PhD research conducted over nearly four years at the Australian 
National University. The study addresses the topic of type 2 diabetes mellitus now 
emerging as an important population health problem in Southeast Asia. The thesis 
includes eight chapters and in this opening chapter I review the relevant literature, 
describe the aims and objectives of my study, and outline the structure of the thesis. 
1.1 Overview 
Chapter 1 commences with a description of the study setting and then proceeds to analyse 
the relevant literature beginning with the definition, pathophysiology and clinical features 
of type 2 diabetes (T2DM) (Section 1.3). Following this is an analysis of the evolution of 
the clinical methods used to diagnose T2DM over the past 50 years as well as the methods 
used to diagnose and validate diabetes in epidemiological field work (Section 1.4). The 
global trends in the incidence and prevalence of T2DM, the descriptive epidemiology of 
diabetes, and its burden in Southeast Asia and Thailand are also examined in Section 1.5. 
This chapter then investigates the known determinants of T2DM with a focus on the role 
of modifiable risk factors of T2DM (Section 1.6). The health-risk transition currently 
underway in Southeast Asia and Thailand and its role in the emergence of T2DM is also 
examined (Section 1.7). In Section 1.8, I summarize the current knowledge on the 
emerging T2DM epidemic in Southeast Asia and provide justification for this doctoral 
work. The aims, objectives, and research questions are presented in Section 1.9 and the 
Thesis structure is presented in Section 1.10. 
1.2 Study setting 
In recent decades, many low and middle-income countries (LMICs) have experienced 
rapid economic development. There have been many health benefits associated with this 
growth including increased life expectancy, falling maternal-child mortality, control of 
infectious diseases, and improved health services. But accompanying urbanization and 
industrialization have also induced a shift towards increasingly sedentary occupations 
with decreased energy expenditure, changes in dietary intake, and adoption of unhealthy 
behaviours. These changes led to the emergence of chronic diseases. Collectively, these 
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Chapter 1: Introduction 
shifts in environment, behaviours, and diseases have been termed the ‘Health-risk 
transition’ (Sleigh et al., 2008) which is considered in Section 1.7. 
As part of the health-risk transition, type 2 diabetes (T2DM) has emerged as a leading 
health and economic burden in many LMICs (World Health Organization, 2016). T2DM 
is an important risk factor for tuberculosis and cardiovascular disease, two diseases that 
already have a high burden in LMICs (NCD Risk Factor Collaboration, 2016). 
Furthermore, 75% of the world’s adult population with diabetes now lives in LMICs 
(International Diabetes Federation, 2017), where the largest proportion of premature 
deaths attributable to T2DM under the age of 70 occurs (World Health Organization, 
2016). In addition, around 60% of the global costs for T2DM are borne by LMICs (NCD 
Risk Factor Collaboration, 2016). With the number of adults with diabetes projected to 
increase to 629 million by 2045, and much of this rise expected to occur in Southeast 
Asia, the health and economic burden of T2DM is likely to increase.  
Thailand is one such Southeast Asian country with rapidly emerging T2DM. Over the 
past three decades, the national prevalence of T2DM in Thailand has increased from 2.3% 
in 1991  to 8.9% in 2014 (Chavasit et al., 2017); making it the top cause of Disability 
Adjusted Life Years (DALYs) lost for Thai women and the seventh cause for men 
(Bundhamcharoen et al., 2011).  Diabetes also imposes a substantial burden on the 
healthcare system in Thailand. Hospitalization rates for diabetes have risen from 33.3/100 
000 population in 1985 to 586.8/100 000 population in 2006 (Ministry of Public Health 
Thailand, 2009). In 2008, the average annual cost per patient was USD $ 881, 21% of the 
per capita gross domestic product of Thailand in that same year (Chatterjee et al., 2011). 
These estimates were even higher among adults who experienced complications from 
T2DM (Deerochanawong and Ferrario, 2013). 
While the epidemiology of T2DM and its risk factors in developed, high income countries 
is well documented, comparable information for Southeast Asian countries such as 
Thailand is limited. Data on T2DM distribution, incidence and risk factors are needed to 
better understand T2DM in Southeast Asia. Identifying local drivers of the emerging 
epidemic of T2DM in Southeast Asia will help identify prevention targets, guide policy 
and health planning, and provide useful foresight regarding future trends in T2DM in 
Southeast Asia. 
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1.3 Type 2 diabetes mellitus 
1.3.1 Definition 
Diabetes Mellitus is a heterogeneous metabolic disorder that is characterized by elevated 
levels of fasting and/or postprandial glucose in the blood (hyperglycaemia) (Qiao, 2012, 
Surampudi et al., 2009). People with diabetes have impaired glucose regulation which 
leads to disturbances in their metabolism of carbohydrate, fat and protein (Kahn et al., 
2005). The majority of cases are either classified as ‘Type 1’ or ‘Type 2’. These 
classifications are determined by aetiology (Goldstein and Müller-Wieland, 2013). Type 
1 diabetes mellitus, previously referred to as ‘insulin-dependent diabetes mellitus’ 
(IDDM) (World Health Organization, 1980) is caused by autoimmune-mediated 
destruction of the islet beta (β) cells in the pancreas (Zimmet et al., 2001). It accounts for 
less than 10% of the global prevalence of diabetes and mostly affects children 
(International Diabetes Federation, 2015). Type 2 diabetes mellitus (T2DM), previously 
referred to as ‘non-insulin-dependent diabetes mellitus’ (NIDDM) (National Diabetes 
Data Group, 1979) and ‘adult onset diabetes’ is caused by the decreased sensitivity of 
skeletal muscle to insulin (insulin resistance) and/or by the decreased secretion of insulin 
by the β cells (Amos et al., 1997, McCrimmon et al., 2012). It accounts for over 90% of 
the global prevalence of diabetes (International Diabetes Federation, 2015). Although the 
risk and prevalence of T2DM increases with age (Guariguata et al., 2014), its age of onset 
has decreased over the past few decades with T2DM incidence now rising rapidly among 
children and adolescents globally (Lammi et al., 2007, Likitmaskul et al., 2003). 
1.3.2 Pathophysiology 
Chronic surfeit dietary intakes and obesity are the major drivers in the development of 
T2DM. In response to excess fuel intakes, the pancreatic β cells hyper-secrete insulin in 
order to maintain normoglycaemia. In some individuals, this compensation response 
eventually fails as the β cell function declines. This leads to a state of ‘relative insulin 
deficiency’, hyperglycaemia and the development of T2DM (Sutanegara and Budhiarta, 
2000).  
Obesity contributes to the development of T2DM through its ability to impair the 
functional action of insulin. Individuals who are obese have larger and higher numbers of 
adipose cells. These cells can release inflammatory cytokines like Tumour Necrosis 
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Factor, which adversely affects the insulin signalling cascade (Stumvoll et al., 2005). 
These cells can also release hormones like leptin that inhibits insulin secretion 
(Ramachandran et al., 2012). Finally, adipose cells also release plasma free fatty acids 
(FFAs) which stimulate gluconeogenesis and decrease peripheral glucose clearance by 
accumulating in the blood and interfering with the uptake of blood glucose by the muscle 
(Sutanegara and Budhiarta, 2000, Stumvoll et al., 2008). Furthermore, individuals with 
obesity have been found to have decreased concentrations of adiponectin, a protein that 
is released from adipose tissue and increases insulin sensitivity (Ramachandran et al., 
2010, Lindsay et al., 2002, Nyamdorj, 2012). 
1.3.3 Clinical Features 
Before being diagnosed with T2DM, individuals usually experience a long period of 
asymptomatic hyperglycaemia that can last for many years. During this period, 
individuals experience ‘impaired glucose regulation’, the metabolic stage between normal 
glucose homeostasis and diabetes. Impaired glucose regulation is characterized by 
elevated postprandial blood glucose levels and/or fasting blood glucose levels that are 
higher than normal but lower than the levels used to diagnose diabetes. Elevated 
postprandial glucose, termed impaired glucose tolerance (IGT) and previously named 
‘subclinical and/or borderline diabetes’, indicates mild degrees of glucose intolerance 
(Qiao, 2012). This is a reversible metabolic stage that puts the individual at an increased 
risk of T2DM. Elevated fasting blood glucose, termed impaired fasting glucose (IFG), is 
less prevalent than IGT. However, it is also associated with an increased risk of T2DM 
(Kahn et al., 2005, Stumvoll et al., 2005). Unlike IFG, which can be identified during a 
fasting state, IGT can only be identified through an oral glucose tolerance test (OGTT) 
where blood is measured both in a fasting state and after glucose consumption. A standard 
OGTT is administered by giving a 75g dose of glucose to an individual who has fasted 
overnight and then measuring their blood glucose 2 hours after this dose (Kahn et al., 
2005, Unwin et al., 2002). Over time, IFG, IGT or both combined can lead to T2DM. 
This is because as a consequence of chronically high blood glucose, the pancreatic β cells 
may increase insulin secretion. The over production of insulin can then lead to the reduced 
function of the β cells and reduced insulin sensitivity, which may eventually result in a 
relative insulin deficiency and T2DM (Stumvoll et al., 2005). 
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Type 2 diabetes is associated with serious long-term health complications. Major health 
consequences of T2DM include micro and macro vascular diseases (Duckworth et al., 
2009, Markku, 2008). The micro vascular diseases that are associated with 
hyperglycaemia include retinopathy, progressive renal disease and peripheral neuropathy 
(Coopan, 2008). The macro vascular diseases that are associated with hyperglycaemia 
include coronary artery and heart disease and peripheral vascular disease, which are the 
leading causes of mortality in people with diabetes (Coopan, 2008). There are many 
mechanisms by which elevated blood glucose can increase the risk of vascular disease. 
These include the effect of high blood glucose on vascular cell chemical changes (i.e the 
formation of glycosylation end products that bind to receptors and cause inappropriate 
signal transduction in vascular cells that leads to the release and excessive formation of 
oxidants) and/or the up regulation of enzymes (i.e. such as aldose reductase which 
increases levels of sorbitol and subsequently alters metabolic activity). Irrespective of the 
mechanism at play, diabetes significantly increases the risk of several major long-term 
health complications and this effect is predominantly attributed to hyperglycaemia 
(Coopan, 2008, Kahn et al., 2005). 
1.3.4 Summary – T2DM 
T2DM is a disabling, multi-system metabolic disorder with numerous manifestations. It 
has diverse health effects interfering with many vital functions that are needed for 
productive life. It shortens the life span and decreases the quality of life.  
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1.4 Diagnosing diabetes 
1.4.1 Diagnostic criteria 
The diagnosis of T2DM is complex due to the heterogeneous nature of this disorder and 
the long asymptomatic period of hyperglycaemia that precedes the clinical stages of 
T2DM. All diagnostic criteria are based on glycaemic levels that are measured using 
different assay methods (Qiao, 2012). In order to confirm diagnosis of diabetes, blood 
glucose measures must be repeated (American Diabetes Association, 2010, World Health 
Organization, 1999). The preferred measurement is plasma glucose with the reading done 
quickly before the specimen degrades. The different plasma glucose measures that can be 
used to diagnose diabetes and/or other categories of glucose tolerance include the 
following:  
RPG (random plasma glucose test): taken at any time of the day without regard to the last 
meal consumed together with the reporting of classic symptoms of diabetes that include 
polyurea, polydipsea and unexplained weight loss and (Nolan et al., 2011); 
FPG (fasting plasma glucose test): taken after an overnight fast or an 8 hour fast; 
OGTT (oral glucose tolerance test) or 2 hour plasma glucose test: taken two hours after 
the ingestion of 75 grams of oral glucose (World Health Organization, 2006); 
HbA1c (glycated haemoglobin A1c): a marker that reflects glycaemic levels over the 
preceding 2-3 month period (American Diabetes Association, 2013). 
The diagnostic cut-offs of these blood glucose measures have varied slightly over the past 
few decades (Markku, 2008). In the late 1970’s, the findings from several cross-sectional 
and longitudinal studies suggested that the development and progression of retinopathy 
only occurred in individuals who had a capillary blood glucose of 11.1mmol/l  2-hours 
after consuming 50g of glucose (otherwise known as a ‘modified glucose tolerance test’ 
(GTT). Consequently, these cross-sectional studies suggested that the 1965 World Health 
Organization (WHO) diagnostic cut offs for diabetes were set too low to detect 
complications associated with hyperglycaemia (Qiao, 2012, World Health Organization, 
1965). In light of these findings, the American National Diabetes Data Group (NDDG) 
suggested that new diabetes diagnostic cut-offs be implemented in 1979 (National 
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Diabetes Data Group, 1979). In 1980, the NDDG diagnostic cut-offs for diabetes were 
adopted by the WHO with slight modification (World Health Organization, 1980) and 
then revised again in 1985 (World Health Organization, 1985). The 1979 and 1980 
diagnostic criteria made it possible to distinguish between type 1 and type 2 diabetes 
based on clinical features and pathophysiology and enabled comparison from different 
sources with greater confidence attributed to the addition of diagnostic cut off values for 
both IGT and T2DM. The 1985 WHO cut-offs were administered world-wide without 
modification until 1997 (Qiao, 2012).  
In 1997, the American Diabetes Association (ADA) expert committee recommended 
lowering the WHO 1985 FPG levels (see Table 1) based on data that showed that the 
incidence of diabetic retinopathy began at this level (>7.0mmol/l) and as a way to lower 
the discrepancy between cases detected by the FPG and the 2 hour plasma glucose in the 
OGTT. The ADA expert committee proposed that the OGTT was not necessary for 
clinical use as it was inconvenient and more expensive than the FPG. The ADA also 
introduced a new FPG diagnostic cut off for IFG. Finally, the ADA highlighted that the 
HbA1c was not recommended as a diagnostic tool for diabetes due to the lack of 
standardized methodology among laboratories (Genuth et al., 2003).  
In 1999, the WHO revised their 1985 diagnostic cut-offs and lowered the FPG criteria for 
diabetes according to the 1997 ADA recommendations (World Health Organization, 
1999). In 2003, the ADA further revised the 1997 ADA diagnostic cut-offs and 
recommended that the FPG cut offs for IFG also be lowered (see Table 1-1) (Genuth et 
al., 2003). Although the implications of this would be an increased prevalence of cases 
with IFG, the ADA argued that this would help to increase the sensitivity of predicting 
future diabetic cases and preventing complications (Genuth et al., 2003).  
In 2009, following the 2008 international expert committee discussions held between 
members of the ADA, the International Diabetes Federation (IDF) and the European 
Association for the Study of Diabetes (EASD), the ADA revised the 2003 ADA 
diagnostic criteria to include Hba1c cut offs for diabetes and increased risk of diabetes 
(see Table 1-1) (American Diabetes Association, 2010).  In 2011, the WHO accepted the 
recommended HbA1c cut-off points for diagnosing diabetes proposed by the ADA in 
2010. However, the WHO stated that an HbA1c value below 6.5% would not exclude 
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diabetes that was diagnosed using the other glucose tests (World Health Organization, 
2011b). Apart from the inclusion of the HbA1c, the current WHO cut-offs for diabetes 
and increased risk of diabetes have remained unchanged since 1999 (World Health 
Organization, 2011b) and together with the various ADA cut-offs are the most widely 
used criteria for diagnosing diabetes in both clinical settings and epidemiological studies 
worldwide (International Diabetes Federation, 2015, McNeely and Boyko, 2004). 
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Table 1-1 Trends in the diagnostic criteria for diabetes and categories of increased risk of diabetes 
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1.4.2 Diagnosis and validation in epidemiological studies 
The diagnosis of diabetes in epidemiological field surveys is logistically more complex 
than the diagnosis of diabetes in clinical settings. Additional challenges include the 
feasibility of carrying out repeated glucose plasma measures on the same population 
sample (World Health Organization, 2006), processing a large number of blood 
specimens, and the high cost and inconvenience for both the study participants and the 
research team (Gavin et al., 1997). In 1997, the ADA recommended that estimates of 
diabetes incidence and prevalence in epidemiological studies should be made using a FPG 
test with the diagnostic level set at > 7.0mmol/l. This recommendation was based on this 
test’s good reproducibility, its low within-person variability, and its low cost compared 
to the ‘gold standard’ OGTT (Gavin et al., 1997).  
Although many epidemiological studies have used the FPG test to diagnose both the 
incidence and prevalence of T2DM (Fox et al., 2007, Aekplakorn et al., 2011, Wang et 
al., 2009), this diagnostic method has been found to have flaws. Findings from seven 
Diabetes Epidemiology: Collaborative analysis of Diagnostic criteria in Europe studies 
showed that the prevalence of diabetes diagnosed by the FPG test was much lower than 
the prevalence found by diagnosing with the 2 hour plasma glucose test (DECODE Study 
Group and European Diabetes Epidemiology Study Group, 1998). In addition to this, the 
FPG test has also been criticized for its low sensitivity for diagnosing mild to moderate 
degrees of impaired glucose tolerance and for its requirement of a long fast that cannot 
be guaranteed with multiple participants (King and Rewers, 1993). 
The WHO has recommended the use of the OGTT, measuring the plasma glucose level 2 
hours after a 75-g oral glucose load, for the diagnosis of impaired glucose tolerance and 
diabetes in epidemiological studies (field studies carried out in non-clinical settings). This 
recommendation reflects the higher specificity and sensitivity of the 2-hour OGTT when 
compared to the FPG test (King and Rewers, 1993). For example, the OGTT was more 
sensitive than the HbA1c test and the FPG test for diagnosing diabetes among Asian 
Americans (Herman and Zimmet, 2012).  
Notwithstanding the wide use of the 2 hour OGTT in epidemiological studies 
(Ramachandran et al., 2004, Singh et al., 1998, Peng et al., 2000), in recent years both the 
ADA and the WHO have noted the advantages of using the HbA1c test to diagnose 
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diabetes (Chen et al., 2012a). This observation applies when haemoglobin dynamics are 
normal and a certified laboratory A1c test is used (American Diabetes Association, 2013). 
An A1c diagnosis is convenient for the participant as it does not require a fast, or 2-hour 
time point for blood collection. As well, the A1c test has low day-to-day variation and 
diagnostic levels can be set to correspond to detectable retinopathy. However, the A1c 
test has several problems. Not only is it a more expensive test than the FPG, it may not 
be feasible in some developing countries due to lack of accessible laboratories that 
conduct the test using a certified method. Furthermore, epidemiological studies have 
found that glycation rates may vary by ethnicity. One study found that even when FPG 
levels were matched, African Americans with and without diabetes had higher HbA1c 
levels than non-Hispanic whites (American Diabetes Association, 2012). Furthermore, 
A1c levels increase with age, and as such may be less reliable for diagnosing diabetes in 
older patients (Huang et al., 2013). A1c levels are also affected by abnormal 
haemoglobins, high red cell turnover, anemia, and pregnancy (American Diabetes 
Association, 2012).  
Recognizing the limitations of selecting the appropriate diagnostic criteria, recent 
incidence and prevalence cohort studies of diabetes have used a combination of diagnostic 
criteria. These have included medication use (Chang et al., 2010), self-reported doctor 
diagnosis (Maskarinec et al., 2009), and/or hospital records (Okura et al., 2004), as well 
as the FPG test and OGTT (Wang and Hoy, 2004), and/or HBA1c (Gribble et al., 2012). 
Evidently the diagnosis of diabetes and glucose intolerance in epidemiological studies is 
complex and will depend largely on the type of study being conducted, the attributes of 
the participants involved (e.g. ethnicity, age, pregnancy, hemoglobinopathy, and anemia), 
and the resources available in the country and area of study. The diagnostic criteria 
selected will have implications for the incidence and prevalence findings, and for the 
comparability and validity of these findings (NCD Risk Factor Collaboration, 2016). 
1.4.2.1 Self-reported diabetes 
Self-report of doctor diagnosis is one of the most common methods used to measure 
diabetes in observational studies of populations (Rylander et al., 2014, Kurotani et al., 
2013, Schneider et al., 2012, Minges et al., 2011). Although self-report is convenient, 
non-intrusive, and requires fewer resources, its validity and reliability may be in question 
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(Comino et al., 2013). Issues around the reliability and validity of a self-reported health 
condition may include the misunderstanding of the questionnaire, lack of formal 
diagnosis or treatment, an individual’s personal characteristics (i.e. age and sex), and/or 
the type of disease in question (Goto et al., 2013, Okura et al., 2004, Kriegsman et al., 
1996).  
A few studies have measured the reliability and validity of self-reported diagnosis of 
diabetes by assessing its level of agreement with other ‘gold standards’. These measures 
have included physical examinations and medical records (Pastorino et al., 2014, 
Kriegsman et al., 1996, Haapanen et al., 1997), of which medical records have been found 
to have an agreement with self-report as high as 98% (Manson et al., 1991). Medical 
records have also been linked, revealing that self-report has 81% sensitivity and 98% 
specificity for diabetes recorded in patient admission records combined with medical and 
diagnostic service records)(Comino et al., 2013). Using fasting glucose or medication use 
as the gold standard, self-report has moderate sensitivity (59-71%) and high specificity 
(96-97%) for prevalent diabetes and a similar performance for incident diabetes (62-80% 
sensitivity and 87-89% specificity).  
Self-report has also been tested against HbA1c measurement (59-64% sensitivity and 84-
87% specificity for incident diabetes) (Schneider et al., 2012), and against fasting glucose 
or OGTT or HbA1c (70% sensitivity point estimate and 97% specificity point estimate) 
(Goto et al., 2013). It has also been tested against telephone interview by a study physician 
and/or using a combination of these measures (Pradhan et al., 2001). Overall, the findings 
from these studies suggest that self-report detects diabetes with a moderate to high 
sensitivity and specificity (Schneider et al., 2012, Pastorino et al., 2014). This accuracy 
of self-report has been attributed to the well-defined diagnostic criteria of diabetes and 
the requirement for treatment after diagnosis (Margolis et al., 2008, Schneider et al., 
2012).  
However, these findings may not be generalizable to all study populations. Some of these 
validation studies were carried out with cohorts that only included women (Manson et al., 
1991, Rylander et al., 2014, Pradhan et al., 2001), a specific age range (Comino et al., 
2013, Goldman et al., 2003) and/or of specific ethnicity (Odegaard and Pereira, 2013). 
The few studies that have assessed the validity of self-reported diabetes in Asian 
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populations suggest that Asian populations may have higher levels of misreporting than 
Western populations, which may link to traditional cultural beliefs (Goto et al., 2013) 
Therefore, the validity of self-reported diabetes needs to be assessed in each study 
population before being used for epidemiological investigations. 
1.4.3 Summary – T2DM diagnosis 
Diagnosing T2DM is complex and this has been highlighted by the ongoing debate on its 
appropriate classification and diagnostic criteria over the past five decades. It is expensive 
in both time and money and infeasible to apply in large populations, and may be subject 
to measurement error. Diagnosis is even more challenging in large epidemiological 
studies because some clinical methods for diagnosis are infeasible. Logistically the 
collection of self-reported health information is a practical and convenient method for 
detecting disease in large population groups. However, the validity of self-report has been 
questioned as it has been shown to vary by personal socio-demographic characteristics in 
different populations. Thus, validation of self-report is required in different populations. 
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1.5 Trends in the incidence and prevalence of diabetes 
1.5.1 Global trends 
There have been numerous attempts to estimate the global prevalence of diabetes over 
the last few decades (International Diabetes Federation, 2015, King et al., 1998, King and 
Rewers, 1993, McCarty and Zimmet, 1994, Wild et al., 2004, World Health Organization, 
2016). In 1993, the WHO Ad Hoc Diabetes Reporting Group provided the first 
methodologically comparable age-standardized estimates on the prevalence of diabetes. 
They reported the prevalence of abnormal glucose tolerance for over 150 000 people from 
32 countries using data collected between 1976 and 1991. The lowest global prevalence 
was among populations living traditional lives in developing countries (King and Rewers, 
1993). In 1994, estimates on the global burden of diabetes became available and estimated 
that the total number of people with diabetes ranged between 100 million and 110 million 
(McCarty and Zimmet, 1994). The estimates made for 1995 were considerably higher and 
ranged between 118 million (Amos et al., 1997) and 135 million (King et al., 1998). The 
discrepancy between the two 1995 estimates may be attributed to the different 
methodologies used between the two studies (Amos et al., 1997, King et al., 1998). Both 
these studies attributed over 95% of the diabetes burden to T2DM and both predicted that 
the burden would rise substantially over the next three decades (Amos et al., 1997) (King 
et al., 1998), reaching 300 million cases by 2025 (King et al., 1998). 
An influential source of the global prevalence estimates for diabetes is the International 
Diabetes Federation (IDF) Diabetes Atlas. Since its first edition in 2000, the estimates 
have increased from 151 million cases and a 4.6% global prevalence in 2000 
(International Diabetes Federation, 2000) to 425 million cases and a 8.8% global 
prevalence in 2017. The latest IDF Diabetes Atlas projected that the number of affected 
cases will reach 629 million by 2045 (Figure 1-1); the equivalent of 1 in every 11 adults 
having diabetes (International Diabetes Federation, 2017).  
Although the data collection methodology has varied among the IDF Diabetes Atlas 
editions, comparisons with national, regional and global data collected by various studies 
revealed a similar increasing trend in the global prevalence of diabetes (Danaei et al., 
2011, World Health Organization, 2016, NCD Risk Factor Collaboration, 2016, 
International Diabetes Federation, 2017). 
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Figure 1-1 Estimated number of people with diabetes globally and by region in 2017 and 2045 (20-
79 years) (International Diabetes Federation, 2017) 
There are large differences between current estimates  (Guariguata et al., 2014, 
International Diabetes Federation, 2015) and the ones predicted for the same period over 
a decade ago (Amos et al., 1997, King et al., 1998). The differences arose from 
methodologic variation and changing diagnostic criteria over the years resulting in higher 
estimated numbers of diabetes cases after 1997 (Ohlson et al., 1985, Gavin et al., 1997). 
As well, decreased mortality from diabetes accompanied improving health care systems 
(Guariguata et al., 2014, Sicree and Shaw, 2007). It is also likely that the increase in 
estimates over the past two decades is partly attributable to the availability of newer data 
(Whiting et al., 2011).  
Regardless of the different estimations made by different authors, over the past few 
decades the global prevalence of diabetes has been increasing steadily mostly due to the 
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increasing incidence and prevalence of T2DM (International Diabetes Federation, 2015). 
In addition to the existing cases of diabetes, it is likely that current diabetes prevalence 
underestimates the true prevalence due to a high proportion of the population in both 
developed and developing countries that has yet to be diagnosed and the use of FPG in 
many of these surveillance studies, that is likely to underestimate prevalence (Zimmet et 
al., 2016). Furthermore, by 2040 approximately 532 million adults are predicted to have 
impaired glucose tolerance, putting them at an increased risk of developing diabetes 
(International Diabetes Federation, 2017). Thus T2DM is already a global health issue 
and is expected to increase substantially in the future (Chen et al., 2012a). 
1.5.2 Trends in low and middle-income countries 
1.5.2.1 Prevalence 
The prevalence of diabetes has been rising in both high income and LMICs over the past 
three decades (Weiguo, 2012). Presently, due to their large populations, LMICs have the 
highest numbers of people living with diabetes, with approximately 80% of the global 
population with diabetes living in developing countries (Ramachandran et al., 2010). 
Furthermore, the prevalence of diabetes is projected to rise predominantly in developing 
countries in the future (Nolan et al., 2011). This was not always the case. In 1993 the 
WHO Ad Hoc Diabetes Reporting Group found that the prevalence of diabetes was less 
than three percent among men and women from a variety of areas including Da Qing in 
China, rural Bantu homelands and Tanzania in Africa, Chile in South American, southern 
India and Sri Lanka, and New Caledonia in the Pacific (King and Rewers, 1993). Contrary 
to these low regional estimates, in 1997 Amos, McCarthy and Zimmet (1997) predicted 
that due to the large population growth the regions with the greatest increase in diabetes 
would be Africa and Asia; with Asia predicted to have over 60% of the global diabetic 
population in 2010. The following year a study by King et al. (King et al., 1998) predicted 
that the majority of the new diabetes cases between 1995 and 2025 would be diagnosed 
in developing countries as opposed to developed countries, due to the large growth in the 
adult population (48% increase in prevalence versus a 27% increase in prevalence); with 
the largest increases in prevalence expected to occur in China (68% prevalence increase) 
and India (59% prevalence increase). 
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A national survey conducted in China supports the early predictions made by Amos, 
McCarthy and Zimmet (1997) and King et al.  (1998). The national study estimated that 
in 2007-2008 over 92 million adults had diabetes (9.7% of the total Chinese population) 
and an additional 148 million (15.5% of the total Chinese population) had pre diabetes 
(Yang et al., 2010) which was higher than the prevalence of diabetes and pre diabetes 
(2.5% and 3.2%) recorded on a larger sample in 1994 (Pan et al., 1997b). A comparable 
increase in the prevalence of diabetes was recorded in India by the Chennai Urban 
Epidemiology Study (CURES) that observed a 72.3% increase in diabetes prevalence 
between 1989 and 2004 (Mohan et al., 2006, Weiguo, 2012).  
Over the past decade, all seven editions of the IDF Diabetes Atlas have consistently found 
that the largest numbers of diabetes cases globally has been in the IDF’s ‘western pacific 
region’ (which includes China, Southeast Asia and India). Furthermore, the 7th edition of 
the Diabetes Atlas predicted that the cases of diabetes in the ‘western pacific region’ will 
rise by a further 30% between 2015 (153 million cases) and 2040 (215 million cases), 
which exceeds the projected 16% increase for Europe (from 60 million in 2015 to 70 
million in 2040) and 28% increase for North America and the Caribbean (44 million in 
2015 to 60.5 million in 2040) (International Diabetes Federation, 2015). The relatively 
large number of people with diabetes in this region compared to the rest of the word is 
mainly attributed to both China and India both having huge populations; and consequently 
the highest number of people with diabetes (Herman and Zimmet, 2012). 
T2DM has emerged at a faster rate in LMICs in Asia than in the western world (Hossain 
et al., 2007) (Yoon et al., 2006). For instance, over the past 40 years, the prevalence of 
diabetes in the US doubled from four to eight percent whereas the prevalence of diabetes 
more than tripled in China between 1980 and 1996, with similar findings reported in 
Malaysia, Korea and Thailand (Yoon et al., 2006). Between 1982 and 1995, urban Jakarta 
and Ujung Padang in Indonesia saw an almost four fold increase in the prevalence of 
diabetes from 1.7% to 5.7% and from 1.5% to 5.4% (Sutanegara and Budhiarta, 2000). 
Similar increases were observed in Loas, Philippines and Vietnam between 2003 and 
2015 (International Diabetes Federation, 2015). Accordingly, LMICs now have the 
highest prevalence of T2DM globally (Figure 1-2). 
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Figure 1-2 Trends in diabetes prevalence by country income group (Roglic, 2016) 
1.5.2.2 Incidence 
Although incidence rates for T2DM are less documented than prevalence estimates in 
LMICs, the available data suggest that rates are continuously rising and surpassing those 
recorded in western populations. The highest T2DM incidence rates have been recorded 
in Indigenous populations who have been shown to have T2DM rates of over 20.0 per 
1,000 person years. These high incidence groups include the Pima Indians (Pavkov et al., 
2007), Rural Wanigelas, Nauruans (Dowse, 1996) and the Mauritians (Söderberg et al., 
2004). High rates (>10.0 per 1,000 person years) have also been reported for populations 
living in China (Chen et al., 2012b), Bangladesh (Asghar et al., 2011), and the Philippines 
(Soria et al., 2009).  Although the direct comparison of rates between LMICs and western 
high-income countries is difficult, due to differences in population age structures and 
sampling, incidence rates recorded in western countries in North America (Lipscombe 
and Hux, 2007) and Europe (Bonora et al., 2004) are lower (<10.0 per 1,000 person–years) 
than those recorded in LMICs. 
1.5.3 Trends in Thailand 
1.5.3.1 Prevalence 
The prevalence of diabetes in Thailand is among the highest in Asia (Chan et al., 2009). 
According to the Diabetes Association of Thailand, there were 4 million cases of diabetes 
in 2015 (International Diabetes Federation, 2015). This estimate already surpasses the 
2025 estimate of 1,923,000 made by the WHO in 1998 (King et al., 1998). A rising trend 
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of diabetes prevalence has been observed by successive Thai National Health 
Examination Surveys NHES over the past two and a half decades (Bureau of Policy and 
Strategy, 2011). Five NHES were conducted between the years of 1991 and 2014. The 
national prevalence of diabetes among individuals aged 15 years or over has more than 
tripled from 2.3% in 1991 to 8.9% in 2014 (Figure 1-3) (Chavasit et al., 2017).  
The consistent rise in the recorded prevalence of T2DM in Thailand may be in part 
attributed to the lower diagnostic criteria (FPG >7.0mmol/l versus >7.8 mmol/l) used by 
the three most recent NHES (Aekplakorn et al., 2003, Aekplakorn et al., 2011) or the 
increase in detection accompanying the implementation of the universal health care 
coverage and the national diabetes screening campaign in 2002 and 2006 (Prakongsai et 
al., 2009, Tangcharoensathien et al., 2010). However, despite the implementation of these 
two programs nearly half of the adults found to have diabetes in the fifth NHES in 2014 
had not previously been diagnosed (Aekplakorn et al., 2016). It is also likely that the 
national prevalence of diabetes may have even been underestimated in the NHES since 
the diagnosis of diabetes was based solely on a fasting plasma glucose test, which has 
been found to be less sensitive at detecting diabetes than the oral glucose tolerance test 
and the HbA1c (Aekplakorn et al., 2003, Aekplakorn et al., 2011).  The prevalence of 
T2DM in Thailand has increased over the past few decades. However, this may partly 
reflect improved survival or differential testing with those at high risk being more likely 
to get tested. Incidence data are required to assess the number of new cases of T2DM, to 
quantify the risk and rate of T2DM in Thailand, and to help estimate the future burden. 
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1.5.3.2 Incidence 
To date, three studies have reported on T2DM incidence in Thailand (Deerochanawong 
and Ferrario, 2013). The longest of these studies was conducted in employees of a state 
enterprise involved in the Electric General Authority of Thailand cohort study. This study 
found that over a 12 year follow-up (1985-1997) the incidence of T2DM was 11.3 per 
1000 person-years (Aekplakorn et al., 2006a). The second study was conducted in a group 
of employees working for government or private agencies in Bangkok. This study found 
that over a four year follow-up (1999-2003) the incidence of T2DM was 11.4 per 1000 
person-years (Jiamjarasrangsi and Aekplakorn, 2005). The third and most recent study 
was carried out with employees from a university hospital in Bangkok between 2001 and 
2005 and found that the incidence rate of T2DM during that time was 13.6 and 6.4 1000 
person-years in men and women, respectively, or 7.8 per 1000 person-years combined 
(Jiamjarasrangsi et al., 2008). 
These three studies all provide very useful information about T2DM incidence in 
professional workers living in Bangkok. However, accuracy of these studies is restricted 
by sample size (under 7000 participants), occupation, and geographical residence (all 
participants living within Bangkok). Therefore, the findings from these studies are not 
generalizable for populations living outside of Bangkok. This creates a knowledge gap 
regarding the secular trends of T2DM incidence in the national Thai population. 
1.5.4 Summary – T2DM epidemiology 
The global prevalence of T2DM has increased substantially in recent decades and this 
growth has occurred predominantly in LMICs. Asia now hosts the majority of the world’s 
population living with diagnosed and undiagnosed diabetes with numbers projected to 
keep rising as populations continue growing and aging. While the T2DM epidemic is well 
documented in high income countries in the west, less is known for LMICs in Asia, and 
this includes Thailand. 
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1.6 The determinants of type 2 diabetes mellitus 
The determinants of T2DM can be classified as either non-modifiable or modifiable 
(Alberti et al., 2007). In line with the overall aim of this research, this review will focus 
on the modifiable determinants of T2DM. 
1.6.1 Non-modifiable risk factors 
1.6.1.1 Genes 
Genetics is a strong risk factor for T2DM (Adeghate et al., 2006, Sladek et al., 2007, 
Langenberg et al., 2011). Over the past 50 years, candidate-gene association studies and 
family-based linkage studies have been used to assess the causal relationship between 
genes and T2DM (Maruthur, 2013, Lam and LeRoith, 2012). The family-based linkage 
studies assessed the association between genes and T2DM by calculating T2DM 
concordance rates between monozygotic twins and T2DM risk among individuals who 
had first degree relatives with T2DM. These studies demonstrated that inheritance can 
increase the risk of T2DM by more than 50% and up to as high as 92% (Nolan et al., 2011, 
Permutt et al., 2005).  Additional evidence of the genetic association with T2DM became 
available in 2007, when a French case-control study identified the first T2DM 
susceptibility loci using genome wide association studies (GWAS) (Sladek et al., 2007). 
Since then, other researchers have found over 40 new loci that have been confirmed 
among European, Japanese, Indian and various south Asian populations (Agardh et al., 
2011a, Nolan et al., 2011). 
The risk of T2DM varies by ethnicity, with some ethnic groups sharing specific genetic 
characteristics that put them at an increased risk of T2DM. Genetics have been used to 
explain the high prevalence of diabetes recorded among the Pima Indians and Pacific 
Islanders from Nauru and Fiji (Adeghate et al., 2006). GWAS have found genetic variants 
associated with T2DM among Asian populations that differ to those found among 
European populations. One such genetic variant is FTO. Although this variant 
predisposes both European and Asian populations to diabetes due to its effects on obesity, 
recent evidence suggested that among Asian populations, FTO’s effect is not mediated 
solely through BMI as it appears to be in European populations (Yajnik et al., 2009). It is 
possible that the increased risk of insulin resistance and T2DM at lower BMIs recorded 
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frequently among Asian populations may be in part attributed their genetics (Chan et al., 
2009).  
1.6.1.2 ‘Thrifty genotype’ 
Although the evidence supporting the causal relationship between genetic variations and 
T2DM has strengthened over the past few decades, most researchers argue that the 
dramatic rise in the global prevalence of T2DM, particularly among some demographic 
groups, could not be explained by any substantive increase in prevalence of pro-diabetes 
genetic variations during the short period of the T2DM epidemic (Maruthur, 2013). 
Rather, some researchers argue that the rising prevalence of T2DM among various ethnic 
groups can be explained by ‘the thrifty genotype hypothesis’ (Neel, 1962). According to 
this hypothesis, during times of famine, genotypes efficient in storing fat were selected 
as a mechanism for coping with times of food scarcity. Therefore, a genetic variation to 
store more fat and decrease insulin sensitivity in the muscles would provide an 
evolutionary benefit for populations living in areas that faced repeated bouts of famine 
(Maruthur, 2013, Permutt et al., 2005). Based on this theory, it has been suggested that 
the high prevalence of T2DM recorded among the Pima Indians and other Indigenous 
populations may be attributed to their genetic predisposition to storing fat caused by their 
high proportion of thrifty genotypes (Maruthur, 2013, Hu, 2011). Consequently, with the 
transition from environments that supplied low energy intakes to those that offer an 
abundance of calories from fat and sugar, their genetic predisposition that would have 
once served as a protective mechanism would now pose an increased risk for T2DM 
among these populations (Abate and Chandalia, 2003, Nolan et al., 2011). As such, the 
thrifty genotype is one theory used to explain why the ‘western’ diet is associated with a 
higher risk of T2DM among Asians, Pima Indians and Indigenous populations than 
among Caucasian and White American populations (Abate and Chandalia, 2003). 
1.6.1.3 ‘Thrifty Phenotype’ 
There is evidence to suggest that intrauterine malnutrition can cause epigenetic changes 
that increase the risk of T2DM during adulthood. This phenomenon has been explained 
by the ‘thrifty phenotype hypothesis’ (referred to more generally as the ‘developmental 
origins theory’ (Barker, 2007). According to this theory, in order to cope with under-
nutrition, the foetus must adapt its development. Adaptations include metabolic and 
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structural changes such as decreased pancreatic β-cell mass, impaired β cell and islets of 
Langerhans function and increased insulin resistance. Although the thrifty phenotype 
adaptations are beneficial for the early survival of the foetus, they can increase the risk of 
T2DM and other chronic diseases later on in life once diet becomes abundant and the 
impaired β-cells cannot sufficiently regulate insulin (Permutt et al., 2005, Pinney and 
Simmons, 2010, Hu, 2011). Findings from several studies have indirectly supported this 
hypothesis and these are considered below.  
The National Nutrition and Health Survey in China found that among adults who were 
exposed to famine in utero, those who consumed western food and traditional foods had 
a 7.63 and 2.34 odds ratio of hyperglycaemia, respectively  compared to unexposed adults 
(Hu, 2011). Similarly, adults who were restricted to under 800Kcal in utero during the 
Dutch famine winter period of world war two were found more likely to have impaired 
glucose tolerance at 50, compared to adults who were in-utero a year before or after the 
famine (Ravelli et al., 1999). A meta-analysis of 28 populations of different ethnicities 
reported that a one kilogram (kg) increase in birth weight was associated with a 20% 
reduction of risk of T2DM (Chen et al., 2012a). As such, it is possible that the dramatic 
increase in T2DM in developing countries may be partially attributed to the shift from 
under-nutrition in-utero to the state of over nutrition that has accompanied the growing 
economies of these countries (Chen et al., 2012a). 
1.6.1.4 Gestational Diabetes 
Over-nutrition in utero is also associated with the increased risk of T2DM later on in life 
(Hu, 2011) and is usually attributed to having a mother with diabetes. Maternal diabetes 
that is specific to pregnancy is called ‘Gestational diabetes’. Gestational diabetes, which 
is characterized by having glucose intolerance during pregnancy, usually resolves once 
the mother delivers the baby (Permutt et al., 2005). Although the mother no longer has 
diabetes once the baby is delivered, the risk of T2DM among the remains increased for 
the mother and the offspring during adulthood. A higher risk of early onset of T2DM has 
been recorded among Pima Indians who were born to mothers with gestational diabetes 
when compared to those born to mothers without gestational diabetes (Misra et al., 2010). 
Similarly, youth from the multiethnic SEARCH for diabetes youth study who were 
exposed to gestational diabetes in utero were diagnosed with T2DM at an earlier age than 
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youth who were not exposed to diabetes in utero (Nolan et al., 2011). Furthermore, an 
increased incidence rate of diabetes was recorded among siblings born after the mother 
developed diabetes when compared to siblings born before (Nolan et al., 2011).  
1.6.1.5 Age 
Together with population growth, the aging of the global population has played a large 
role in the recent increase in the worldwide prevalence of T2DM (Maruthur, 2013). Aging 
increases the risk of T2DM through the promotion of age-related muscle mass reduction, 
and increased visceral fat accumulation (Goodpaster et al., 2003). These physiological 
changes can lead to increased insulin resistance and consequent β cell dysfunction due to 
the increased production of insulin secreted to compensate for insulin resistance (Weber 
et al., 2012). The risk of T2DM exponentially increases with age.  
In Caucasian populations, the risk of T2DM increases substantially from an age of ~65. 
This is different to Asian populations exhibiting increased T2DM risk from a younger 
age of ~45 (International Diabetes Federation, 2015). The age-T2DM association has 
been found to be modified by ethnicity, with Asian populations demonstrating higher 
postprandial glycaemia and insulinemia when matched with Caucasian populations 
(Decode-Decoda Study Group and European Diabetes Epidemiology Group, 2003). 
Asians may experience shorter latency to T2DM development, resulting in the 
development of T2DM at younger ages than Caucasian populations (Weber et al., 2012). 
1.6.2 Modifiable risk factors 
1.6.2.1 Obesity 
Overweight and obesity are well-established risk factors for T2DM (Hossain et al., 2007, 
Chen et al., 2012a, Permutt et al., 2005). Adiposity increases T2DM risk by secreting 
hormones and adipokines from adipose cells that increase insulin resistance (Bray, 2004). 
The risk of T2DM substantially increases as adiposity increases. This gradient has been 
found to be stronger in Asian populations with risk increasing at ranges of BMI 
considered to be in the ‘healthy’ weight range in Caucasian populations.  
A likely explanation for this increased risk of T2DM in Asians is body composition. 
Unlike Caucasian populations who are prone to storing fat in their subcutaneous fat depots, 
Asian populations are prone to accumulating fat in their visceral cavity (Tchernof and 
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Després, 2013). T2DM risk increases with central distribution of body fat, and in 
particular, with visceral adiposity (Carey et al., 1997, Wang et al., 2005). Visceral fat is 
more likely to release free fatty acids that can be up taken and stored in the muscle, 
pancreas, and liver than general adiposity and has a stronger association with insulin 
resistance and T2DM risk (Snijder et al., 2006). Accordingly, the higher propensity to 
visceral adiposity in Asian populations may in part explain the higher rates of T2DM in 
LMICs in Asia. 
Overweight and obesity, and their relevant BMI cut-points associated with T2DM risk, 
have been well validated in Caucasian populations. However, the appropriateness of these 
BMI cut-points for Asian populations is less clear. In 2000, the WHO recommended that 
lower Asian-specific BMI-cut points may be necessary for defining overweight (23-
<25kg/m2) and obesity (>25kg/m2) in Asian adults based on T2DM and cardiovascular 
disease risk prevalence studies available at the time. In 2004, the WHO put out an 
additional statement concluding that due to the lack of consistent data, the Asian specific 
BMI-cut points for defining T2DM and cardiovascular disease risk are unclear (World 
Health Organization Expert Consultation, 2004). Since then few longitudinal studies have 
assessed the validity of lower BMI cut-points in Asian populations and this includes 
Southeast Asian populations. Accordingly, T2DM and body size relations in Southeast 
Asian adults need further research. 
1.6.2.2 Physical Activity and sedentary behaviour 
Physical activity (PA) is assocatied with the reduced risk of T2DM. It does this both 
indirectly and directly. Indirectly, PA reduces the risk of T2DM by shifting the balance 
between energy intake and energy expenditure, through its prevention of weight gain. 
Directly, PA can improve insulin sensitivity by increasing muscle mass and subsequently 
the porportion of insulin sensitive muscle fibers (van Dam, 2003). There is vast evidence 
to support the inverse association between PA and T2DM risk (van Dam, 2003, World 
Health Organization, 2011a, Pan et al., 1997a, Diabetes Prevention Program Research 
Group, 2002). One lifestyle intervention study that ran for almost 3 years found that 
conducting at least 150 minutes of moderate PA each week has been found to reduce the 
risk of diabetes by 27% (Diabetes Prevention Program Research Group, 2002). A recent 
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review study found that cohort studies from the US, Australia and the Netherlands have 
also found similar associations between PA and reduced risk of diabetes (van Dam, 2003). 
Sedentary behaviour increases the risk of T2DM. One US study observed that men who 
watched over 40 hours of television per week were 187% more likely to develop T2DM 
than men who only watched 0-1 hour of tv per week (Hu et al., 2001). In one group of 
women, a 2 hours a day increase in television watching was associated with a 14% 
increase in the risk of diabetes (Hu et al., 2003). Furthermore, another study found that 
the T2DM incidence rate was 1.86 for women who watched >5 hours of television per 
day compared with 1.0 for women who watched less <1 hour of television per day, 
independent of physical activity (Krishnan et al., 2009). 
1.6.2.3 Diet 
Dietary intake has a key role in the control of blood sugar and can affect both insulin 
sensitivity and insulin release within three days of its modification, an effect that is too 
rapid to be attributed to obesity (Kahn et al., 2006). The effect of diet on T2DM risk is 
complex and may be determined by the nutrient, food, or diet in question. Diet is a major 
determinant of T2DM both dependently and independently of obesity (Odegaard and 
Pereira, 2013). 
1.6.2.3.1 Carbohydrates 
Carbohydrates are major determinants of blood sugar and therefore can play a critical role 
in the development of T2DM (de Koning et al., 2013). Carbohydrates, named for their 
makeup of carbon, hydrogen and oxygen, are one of the three major macro-nutrients 
consumed for food energy. They can be categorized into two major types; simple and 
complex. Simple carbohydrates can be further subcategorized into monosaccharides and 
disaccharides (for example glucose, fructose and sucrose). Complex carbohydrates can 
be further subcategorized into oligosaccharides and polysaccharides (for examples starch 
and dietary fiber) (de Koning et al., 2013).  
Simple and complex carbohydrates have different effects on T2DM risk. Some complex 
carbohydrates such as whole grains and fibers have been associated with decreasing the 
risk of T2DM (Hu, 2011, Salas-Salvadó et al., 2011); others, including white rice and 
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potato, have increased the risk of T2DM just as much as simple carbohydrates. Thus, 
although carbohydrates, both simple and complex, are associated with T2DM risk, the 
nature of their effect is determined by the ‘quality’ of the carbohydrate (Salas-Salvadó et 
al., 2011). 
One measure used to determine the ‘quality’ of carbohydrates is the glycaemic index (GI). 
The GI, originally developed in 1981 to improve the management of type 1 diabetes, is a 
ranking system that categorizes foods based on their postprandial glucose-raising effect. 
The index is scored between 0 and 100. To categorize a carbohydrate using the GI, 50 
grams of the carbohydrate are consumed and compared with a reference carbohydrate that 
has a GI of 100, such as glucose or white bread. Subsequently, the Glycaemic Load (GL), 
which helps to reflect the carbohydrate quality and quantity, can be calculated by 
multiplying the GI of the carbohydrate by the serving size (Salas-Salvadó et al., 2011, 
Salmeron et al., 1997). Foods are considered as “high GI” if their index is over 70 and 
“low GI” if they have GI of less than 55 (Atkinson et al., 2008). High GI foods include 
sugar-sweetened beverages (SSB), white potatoes and candies. Low GI foods include 
pulses such as lentils, whole grain products such as rye and wholemeal bread, as well as 
various vegetables (de Koning et al., 2013).  
High GI/GL diets produce high levels of blood glucose, which require a large secretion 
of insulin. Over extended periods, the continual elevated frequency of insulin secretion 
required to cope with the rapidly absorbable carbohydrates may lead to oxidative stress 
of the pancreatic β cells. This can lead to the dysfunction and failure of these cells to 
secrete insulin and eventually T2DM (Hu, 2011, Goran et al., 2013).  
Another way that high GI/GL carbohydrates may increase the risk of T2DM is through 
lipotoxicity (high free fatty acid (FFA) concentrations). A few hours after the 
consumption of high GI carbohydrates, a counter regulatory hormone response is 
triggered to restore euglycemia, which stimulates the glycogenolytic and gluconeogenic 
pathways. These pathways elevate FFA concentrations. As a result of elevated FFA 
concentrations, there is a down-regulation of insulin-mediated glucose uptake, thereby 




The consumption of dietary fat has been found to play a role in the aetiology of T2DM 
(Odegaard, 2013). Dietary fat is also one of the three major macro nutrients consumed 
for food energy and contains more than double the kilocalories (Kcals) per gram than 
carbohydrates and proteins. Dietary fat can be further broken down into its four major 
fatty acid classes. These include saturated fatty acids (SFA), monounsaturated fatty acids 
(MUFA), polyunsaturated fatty acids (PUFA) and trans-fatty acids (TFA). Although all 
foods that contain dietary fat will have a mixture of SFA, MUFA and PUFA, the 
proportions of these fatty acids (FA) will differ by food; with animal sources containing 
a higher proportion of SFAs and plant fat sources and fish and oils containing higher 
proportions of MUFA and PUFA (Odegaard, 2013).  
A high fat diet has been associated with both an increased risk of T2DM (Abate and 
Chandalia, 2003) and a reduced risk of T2DM (Salas-Salvadó et al., 2011, Meyer et al., 
2001) and it appears that the effect of dietary fat on the development of T2DM depends 
on FA composition of the food (Salas-Salvadó et al., 2011, World Health Organization, 
2011a). One mechanism whereby the different classes of FA may affect the risk of T2DM 
differently is through their role in the cell membrane. The cell membrane is comprised of 
phospholipids that are made up of FA. The types and ratio of FA consumed can alter the 
physicochemical property of cell membranes, subsequently altering the function of the 
cell membrane. Therefore, a higher proportion of SFA than PUFA in the cell membrane 
may reduce the membrane’s permeability and glucose transport function; thereby leading 
to high blood glucose and insulin resistance (Ginsberg et al., 1981). A different 
mechanism whereby FAs may affect T2DM risk may be through gene expression. In vitro 
cell studies have shown that some FA, particularly PUFA, can improve insulin sensitivity 
by inhibiting hepatic lipogenesis and upregulating hepatic FA oxidation (Odegaard, 2013). 
Various case-control studies and cohort studies have found that high intakes of SFAs and 
TFAs were associated with an increased risk of T2DM (Chan et al., 2009, Bulló et al., 
2007, Salas-Salvadó et al., 2011) and that MUFAs and PUFAs were associated with a 
reduced risk of T2DM (Meyer et al., 2001). However some of these results have been 
inconsistent (van Dam, 2003, Odegaard, 2013) and likely to be confounded by the 
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complex nature of assessing dietary fat intake and the lifestyle and food sources 
associated with it (Salas-Salvadó et al., 2011, Meyer et al., 2001). 
1.6.2.3.3 Protein 
Findings from various prospective studies have indicated that dietary protein intake is 
associated with T2DM risk (Salas-Salvadó et al., 2011, Ericson et al., 2013, Odegaard 
and Pereira, 2013). Dietary protein, the third major macronutrient consumed for energy, 
is made up of 20 amino acids and is present in both animal sources (i.e meat, dairy and 
eggs) and plant sources (i.e. legumes, soy products and beans) (Song and Lui, 2013). How 
protein intake affects the risk of T2DM may be influenced by the source of the protein as 
well as the duration and level of intake. Evidence from prospective studies suggests that 
protein from animal source foods increases the risk of T2DM (Sluijs et al., 2010, Duc Son 
et al., 2005, Ericson et al., 2013) whereas intake of protein from plant source foods was 
associated with a decreased risk of T2DM (Villegas et al., 2008, de Koning et al., 2011a). 
Short term (<6 months) high protein intakes have been associated with stimulating insulin 
secretion, preventing weight gain and reducing carbohydrate intake, which can improve 
glycaemic control  thereby reducing T2DM risk (Promintzer and Krebs, 2006). 
Conversely, long term (>6 months) high protein intakes have been associated with 
increasing insulin resistance and fasting plasma glucose, thereby increasing T2DM risk 
(Linn et al., 2000). One mechanism that may explain these different effects is the 
difference in the amino acid profile of animal and plant source proteins. Certain amino 
acids may increase insulin secretion and/or glucagon concentration (i.e. arginine ) 
(Gannon et al., 2002), while others (i.e. histidine) do not (Floyd Jr et al., 1966). The amino 
acid profile of animal source proteins and plant source protein are different, therefore this 
may play a role in the different T2DM risks associated with animal and plant source 
proteins (Song and Lui, 2013). Similarly, this may explain the difference in risk among 
the different animal sources of protein. For instance, fish, which has been associated with 
a reduced risk of T2DM, has a different amino acid profile to red meat that has been 
associated with an increased risk of T2DM (Soucy and LeBlanc, 1999). Other 
mechanisms may explain the association between plant source proteins and reduced risk 
of T2DM such as the effects of other compounds found in these foods (i.e. the flavonoid 
content or phytoestrogens found in soy products), however this requires further 
investigation (Mueller et al., 2012). 
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1.6.2.3.4 Beverages 
Recent evidence suggests that there are a group of beverages with added sugar (Xi et al., 
2014, Malik et al., 2010) and without added sugar (De Koning et al., 2011b, Huxley et 
al., 2009, Salas-Salvadó et al., 2011) that are associated with T2DM risk 
1.6.2.3.5 Sugar-sweetened beverages 
Findings from a group of cohort studies suggest that daily consumption of sugar 
sweetened beverages (SSB) increases the risk of developing T2DM by between 22% 
(Romaguera et al., 2013) and 83% (Schulze et al., 2004). Evidence from a cohort of nurses 
in the US suggests that BMI might mediate about 50% of this effect (Schulze et al., 2004). 
Cohort studies conducted in other countries found that after adjusting for BMI, the risk 
of T2DM associated with daily SSB intake varied between 18%  (Romaguera et al., 2013) 
and 67% (Odegaard et al., 2010, Montonen et al., 2007) with one study losing statistical 
association after adjusting for BMI (Palmer et al., 2008). The majority of these studies 
have been carried out with Caucasian or African populations (Montonen et al., 2007, 
Palmer et al., 2008, De Koning et al., 2011b). 
 The three available studies carried out in Asian populations had conflicting results 
(Sakurai et al., 2014, Odegaard et al., 2010). While it is possible that age and sex 
differences between study cohorts may explain some of these differences, it remains 
unclear whether SSB intake is associated with increased risk of T2DM among Asians 
who have lower BMI levels and/or whether this association is primarily mediated through 
BMI or weight gain. Further research is required to understand the contribution of SSB 
intake to T2DM risk among Asian populations. 
1.6.2.3.6 Milk 
High milk consumption versus low milk consumption has been found to be associated 
with a reduced risk of T2DM (Liu et al., 2006, Choi et al., 2005, Tong et al., 2011). This 
inverse relationship has been mostly attributed to the low fat variety, thought to be 
attributed to the lower levels of SFAs and TFAs found present in low fat milk (Salas-
Salvadó et al., 2011). It has been suggested that the inverse relationship between high 
milk consumption and reduced risk of T2DM may be in part attributed to the calcium 
found in the milk since low calcium intakes has been found to be associated with a higher 
T2DM risk (Pittas et al., 2007). However, a recent study adjusted for calcium intake and 
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this did not affect the association between milk intake and T2DM (Grantham et al., 2013). 
Further research is required to understand the milk and T2DM association. 
1.6.2.3.7 Artificially sweetened beverages  
The association between artificially sweetened beverages (ASB) and T2DM has been 
assessed by a few recent cohort studies (De Koning et al., 2011b, Nettleton et al., 2009, 
Palmer et al., 2008). Although some studies have found that ASB intake increased the 
risk of T2DM (De Koning et al., 2011b, Nettleton et al., 2009), these results may reflect 
reverse causation, i.e. the obese and diabetic participants in these studies may have been 
aware of the weight gain associated with SSB consumption and therefore switched to 
ASBs (Hu and Malik, 2010). Therefore, based on the current evidence causality between 
ASBs intake and T2DM cannot be established. 
1.6.2.3.8 Alcohol 
Alcohol has been found to increase or decrease the risk of T2DM depending on the 
quantities and frequencies of intake (Hu, 2011). Evidence from two meta-analyses that 
reviewed 35 cohort studies between them indicated that alcohol consumption has a J-
shaped association with T2DM incidence. These studies found that light-to-moderate 
alcohol consumption (22/day for men and 24g/day for women, or 1-2 drinks per day) was 
associated with a 30-40% reduction in the  risk of T2DM when compared to no alcohol 
intake (<6g/day) or heavy alcohol consumption (consumption of more than 3 drinks per 
day or >50g/day for women and >60g/day for men) (Baliunas et al., 2009); with a similar 
increased risk of T2DM observed among lifetime abstainers and heavy alcoholic drinkers 
(Koppes et al., 2005). Light-to-moderate alcohol intake may have anti-inflammatory 
effects and may increase HDL cholesterol offering potential explanations for the observed 
risk reduction. The deleterious effects of heavy alcohol consumption may be attributed to 
excess caloric intake which can lead to obesity, disturbance of carbohydrate metabolism 
and pancreatitis, which can contribute to development of diabetes (Hu, 2011, Greenaway, 
2012). Recent evidence from a large Danish cohort suggests that the effects of alcohol on 
T2DM may also depend on the type of alcohol beverage consumed (Holst et al., 2017). 
However, further research is needed to confirm these findings  
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1.6.2.3.9 Dietary Patterns 
Assessing the relationship between single nutrients or foods and disease risk is complex 
as the compounds in the foods can interact, be correlated with one another and/or the 
effects of a single nutrient may be too small to be picked up in a study (Esposito et al., 
2010). Moreover, specific foods and nutrients are rarely consumed independently of other 
nutrients (Odegaard, 2013). Recognizing this, several recent studies have assessed the 
effect of diet on T2DM risk by assessing the relationship between specific dietary patterns 
and T2DM incidence. However, most of these studies were conducted in developed high 
income countries (van Dam et al., 2002, Hodge et al., 2007, Bauer et al., 2013, 
Schoenaker et al., 2013).  
In these studies, the dietary pattern that has consistently been associated with an increased 
risk of T2DM incidence has been characterized by the high consumption of red meat, 
processed and low fiber foods, SSBs, and starchy foods and has been referred to as the 
‘western diet’ (Mayén et al., 2016). Conversely, the dietary pattern that has consistently 
been reported to reduce the risk of T2DM incidence has been characterized by the high 
consumption of fruits and vegetables, whole grains, fish and poultry and referred to as the 
‘prudent’ ‘conservative’, or ‘healthy diet’ and/or the ‘Mediterranean diet’ when olive oil 
and wine are consumed along with a healthy diet (van Dam et al., 2002, Hodge et al., 
2007, Bauer et al., 2013, Schoenaker et al., 2013, Esposito et al., 2010). A review of ten 
large prospective cohort studies that followed more than 190 000 individuals for between 
two and twenty three years found that a ‘healthy’ diet was responsible for between a 15% 
and 83% reduction of risk of T2DM (Esposito et al., 2010). Similarly, a meta-analysis 
that included six studies that assessed fruit and vegetable intake found that consuming 
1.35 servings of green leafy vegetables per day compared to 0.2 servings per day was 
associated with an estimated 14% reduction in the risk of T2DM (with 1 serving 
equivalent to 106 g)(Carter et al., 2010).  
The negative effect of the ‘western diet’ on T2DM risk may be attributed to chronic 
inflammation. Results from different studies have indicated that a western diet was 
strongly related to markers of inflammation including C-reactive protein, interleukin-6, 
intracellularadhesion molecule-1, vascular, cell adhesion molecule-1, and E-selectin, 
which have been previously associated with increased risk of T2DM (Esposito et al., 2010, 
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Salas-Salvadó et al., 2011, Koppes et al., 2005). Conversely the protective effects of the 
‘prudent’ or ‘Mediterranean’ diet on T2DM risk may be attributed to the high levels of 
antioxidants found in this diet such as the vitamin C in the vegetables and the polyphenols 
in the wine (Esposito et al., 2010). 
1.6.2.4 Smoking 
In a recent meta-analysis of 25 studies, smoking was associated with a 44% increased risk 
of T2DM (Willi et al., 2007). Smoking increases the risk of diabetes by reducing insulin 
secretion responses, which lead to insulin resistance (Chan et al., 2009). Furthermore, due 
to its anti-estrogenic effects, smoking may also cause hormonal imbalances that may lead 
to increased obesity; however this mechanism needs further investigation.  
1.6.2.5 Education and income 
Evidence suggests that the association between education, income and T2DM risk may 
depend on a country’s stage of economic development (Figure 1-4). Studies from high-
income countries have shown an inverse relationship between education and income, or 
socio-economic position (SEP), and T2DM risk (Agardh et al., 2011b) suggesting that 
SEP inequalities may associate with increased T2DM risk (Sommer et al., 2015). 
Conversely, in studies from LMICs, SEP has been shown to have a positive association 
with T2DM until a country reaches advanced stages of economic development 
(equivalent to a gross national product (GNP) per capita of ~US $2500) (Monteiro et al., 
2004). At this stage of economic development, the risk of T2DM begins to rise 
predominantly in the low SEP group. These findings suggest that the SEP-T2DM 
association is complex and may differ between economies (Jones-Smith et al., 2012). 
However, longitudinal data from LMICs at different stages of economic development are 
required to confirm this. 
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Figure 1-4 Changing associations between economic development, socioeconomic status (SES) 
and prevalence of diabetes or diabetes risk factors adapted from (Blas and Kurup, 2010) 
1.6.2.6 Urbanization 
Like education and income, the association between area of residence and T2DM may 
also depend on a country’s level of economic development (Figure 1-5) (Maruthur, 2013, 
Lam and LeRoith, 2012). In HICs in the west, living in a rural area of residence has been 
associated with an increased risk of T2DM. This association may be explained by lower 
SEP, reduced access to fresh foods, and the dearth of health care services available in 
rural areas (Blas and Kurup, 2010). Conversely, a higher prevalence of T2DM has been 
observed in urban areas in many LMICs (International Diabetes Federation, 2015). This 
urbanization effect on T2DM is thought to be mediated through the increased availability 
of highly processed foods (Banwell et al., 2013), increased sedentary behaviour 
associated with higher incomes, purchase of labour saving devices, (Ramachandran et al., 
2010, Lam and LeRoith, 2012, Sicree and Shaw, 2007),  increased likelihood of surviving 




Figure 1-5 Association (log odds ratio) between living in an urban environment and obesity by 
gross national income per capita in US dollars 
Size of circles reflects sample size. Higher log odds ratio reflect larger effect size for living in an 
urban environment and obesity compared with rural residence (Angkurawaranon et al., 2014). 
Recent studies from LMICs have shown that as a country progresses along the 
epidemiological transition and becomes more economically stable, the association 
between urbanization and T2DM begins to resemble that noted in HICs. Indeed, in the 
largest nationwide population-based study of adults conducted in India, both extremes 
were found. Urban residents in relatively wealthy areas with low SEP had more T2DM. 
Meanwhile, in poor rural areas, residents with high SEP had more T2DM (Anjana et al., 
2017). Similar findings were noted in China, where high SEP rural residents were found 
to have diabetes rates similar to those reported in urban residents a decade earlier (Fu et 
al., 2011). In Thailand, more undiagnosed diabetes has been noted in men from rural areas 
compared to those from urban areas (Aekplakorn et al., 2011). These findings suggest 
that in the near future, the prevalence of diabetes in upper-middle income countries will 
be the highest in high SEP rural and low SEP urban individuals. However, longitudinal 







Figure 1-6 Pathophysiological pathways and environmental drivers contributing to type 2 diabetes 
(Pandey et al., 2015) 
1.6.3 Summary – determinants of T2DM 
Many risk factors for the diabetes epidemic in western HICs are now well known. These 
include age, genetics, obesity, health-risk behaviours (e.g. diet, smoking and 
sedentariness), and certain environmental and socio-demographic attributes like area of 
residence and SEP (Figure 1-6). In LMICs, less information is available and most derives 
from cross-sectional studies. The available LMIC literature suggests that T2DM risk 
factors may depend on country-specific dynamics and ethnicity. Longitudinal data are 
required to identify the local risk factors driving T2DM in LMICs, including Southeast 
Asia. This lack of epidemiological information includes Thailand and it has been actively 
investigating emerging non-communicable diseases including T2DM. 
1.7 Transitions 
The great transformations affecting the health state of populations in HICs noted over the 
last century have been explained as components of coherent population transitions that in 
some way connect to the improved environment, nutrition, and health. Several transitional 
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models will be reviewed to help explain the recent rise in T2DM across LMICs in Asia. 
These include the demographic and epidemiological transitions, the health transition, the 
nutrition transition, and the health-risk transition. 
1.7.1 Demographic and epidemiological transitions 
The demographic transition refers to a population transition from high fertility and 
mortality to low fertility and mortality that occurs in all countries as they ‘modernize’ 
from a pre-industrial society to an urban industrialized society (Kirk, 1996). This theory 
attempts to explain how changes in family size and age structure of populations inevitably 
accompany historical falls in mortality and fertility patterns. To explain the cause of 
mortality decline that initiates the demographic transition, Abdel Omran developed the 
epidemiological transition theory, which describes changes in health and disease patterns 
(1971). His theory proposes that the shift from high to low mortality relates to the shift 
from infectious diseases towards lifestyle, degenerative diseases as the principle causes 
of death (Omran, 1971). Omran proposed three successive stages of the epidemiological 
transition: 
1) “The age of pestilence and famine”-characterized by high mortality rate and low
life expectancy due to high rate of infectious diseases
2) “The age of receding pandemics”- characterized by a steady decrease in mortality
and increased life expectancy due to a decrease in infectious diseases
3) “The age of degenerative and man-made diseases”- characterized by a continual
decline in mortality, increased life expectancy, due to the degenerative diseases
(i.e. diabetes) becoming the main causes of death.
Omran described three distinct models of the epidemiological transition based on the 
onset of the transition, its speed of occurrence, and the country’s state of modernization 
and transition from high to low mortality. In the first model ‘the classical model’, the 
transition happens over a long period of time, as noted in western countries like England. 
In the second model ‘the accelerated model’, the transition occurs over a shorter period 
of time, as noted in Japan. In the third model, ‘the contemporary or delayed model’, the 
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transition has begun but is not yet completed, as noted in certain developing LMICs that 
are undergoing rapid economic growth where fertility still remains high (Omran, 2005). 
1.7.2 Health transition 
Like the Epidemiological transition, the Health Transition also describes the changes in 
disease patterns that occur alongside economic development, but it also considers the 
social, cultural, and behavioural determinants that drive this transition in health outcomes. 
Some of the determinants considered in this theory include: the ‘health care transition’, 
which refers to the change in health-service response to health conditions (Frenk et al., 
1989), increasing maternal education, the uptake of ‘western’ cultural ideals, the position 
of women in society and the family, especially when making scientific decisions about 
health care, and disease (Caldwell, 1993). 
1.7.3 Nutrition transition 
The nutrition transition occurs alongside the demographic, epidemiological and health 
transitions. This theory describes the large shifts in diet, physical activity, nutritional 
status and lifestyle nutritional diseases that accompany a country’s socioeconomic 
development. The nutrition transition is made up of 5 patterns (Popkin, 1993, Popkin, 
1994). The first two patterns (collecting food and famine) describe a hunter-gatherer 
existence where food shortage is high, diet variety is low, and nutritional deficiencies are 
the main nutritional outcome. This pattern is commonly seen in low-income countries. In 
the third pattern (receding famine), income growth leads to an increased consumption of 
fruit, vegetables, and protein, receding famine and increased time leisure activity due to 
the availability of labour saving devices. The fourth pattern (degenerative diseases) is 
similar to the third stage of the Epidemiological transition (the age of degenerative and 
man-made diseases). In this pattern, diets converge from ‘traditional’ (high in fibre and 
fruit) to ‘western’ (high in fat, added sugar, and meat), physical activity is reduced, and 
degenerative-lifestyle nutritional diseases like obesity and T2DM emerge. This pattern 
arises as countries progress from low to middle income economies. The shift in 
behaviours and health outcomes in pattern four are driven by increased urbanization, 
changing food systems, and globalization of multinational supermarkets (Popkin et al., 
2012, Kelly et al., 2014). In the fifth and final pattern (behavioural change) health 
promotion is increased. Diets shift towards increased fruit and vegetable intake and 
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reduced animal product consumption, physical activity is increased and degenerative 
diseases are reversed or delayed. This pattern mostly occurs when countries progress to 
high-middle income or high-income economies, as noted in Japan and Australia (Popkin, 
2006). 
1.7.4 Health-Risk transition 
The Health-risk transition theory incorporates the various transitional theories (e.g. 
demographic, epidemiological, health, and nutrition). In addition to these components, it 
also describes the transformation of family structures, work place settings, health-risks 
(environmental, societal and behavioural) and related outcomes (attitudes, understandings 
of health, culture, and disease) that accompany a country’s socioeconomic development. 
1.7.5 Transitional Thailand 
Thailand is a Southeast Asian country that has experienced rapid economic growth in 
recent decades. This growth has induced changes in health-risks (environment and 
behaviour) and a demographic, epidemiological, health, and nutrition transition, which 
combined to produce a powerful health-risk transition.  
1.7.5.1 Economic growth and urbanization 
Thailand has achieved substantial economic growth since the late 1950’s. Between 1968 
and 1986 Thailand had an annual average GNP growth rate of 6.7%. The following 
decade (1987-1996), Thailand had one of the fastest growing economies across Asia 
(Warr, 2007). This rise was halted between the years of 1997 and 1999 but boomed again 
in 2003 (Warr, 2007). Alongside this economic growth, the national poverty level halved 
from 21.9% in 2006 to 10.5% in 2014 (The World Bank, 2016) and the proportion of 
Thailand’s urban population more than doubled from 20% in 1960 to 50% in 2015 (The 
World Bank, 2016). 
1.7.5.2 Demographic and epidemiological transition 
Thailand’s demographic transition has been evidenced by major increases in life 
expectancy, a growing aged population, and decreased fertility and childhood mortality 
(Figure 1-7). In 1960, the life expectancy was estimated to be 55. By 2014 this had 
increased to 74. This increase shifted the age distribution of the population. Accordingly, 
the proportion of Thai adults aged over 65 years tripled from three percent in 1960 to 10% 
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in 2015 (The World Bank, 2016). In parallel, the total fertility rate decreased from 6.1 in 
1960 to 1.5 in 2014 and infant mortality fell from 102 to 10.5 per 1000 live births between 
1960 and 2015 (The World Bank, 2016). 
Figure 1-7 The demographic transition in Thailand(Sleigh et al., 2008) 
As a result of increased life expectancy and economic growth, exposure to environmental 
and behavioural risk factors has increased and disease patterns have shifted from 
infectious towards lifestyle degenerative diseases. This is evidenced by recent changes in 
the major causes of death and disability among Thai men and women. In 1967, the top 
causes of mortality among Thai adults were turberculosis and diarrhoea whereas in 2009 
the leading cause of death was cancer (Bureau of Policy and Strategy, 2011). In 2004, 
disability adjusted-life years (DALYs) from non-communicable diseases were already 
triple those from communicable diseases (Bureau of Policy and Strategy, 2011) and in 
2014 non-communicable diseases were estimated to account for over 70% of all deaths 
in Thailand (World Health Organization, 2014). 
1.7.5.3 Health transition 
Thailand has experienced substantial social, cultural, and behavioural health-related shifts 
in recent decades. Examples of these include the introduction of the Universal Coverage 
Scheme in 2002, which provides free medical care for the entire Thai population, and 
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various additional schemes that provide health benefits for different types of workers 
including the Civil Servants Benefit Scheme, the Workman’s Compensation Scheme, and 
the Social Security Scheme (Kelly et al., 2010). Moreover, in recent years, child 
immunization and family planning services have been introduced equitably across 
different socioeconomic groups in Thailand (Kongsri et al., 2011). Other major changes 
relating to Thailand’s health transition include women’s increasing participation rates in 
the workforce and the associated reduction in breastfeeding rates (Yimyam and Hanpa, 
2014). 
1.7.5.4 Nutrition transition 
Rapid national economic and socio-demographic changes, including increased 
urbanization and transnational supermarket infiltration, have led to major dietary shifts in 
Thailand (Kelly et al., 2014, Yiengprugsawan et al., 2011). The traditional Thai diet 
consists mostly of rice and fish (Kosulwat, 2002) however a marked shift in dietary intake 
variety has been observed over the past 40 years leading to an increased intake in animal 
products, fats and oils, processed sugars, and alcohol (Kosulwat, 2002). For instance, per 
capita intakes of milk and meat have increased from 7 and 41 grams (g) /per person/per 
day in 1960 to 66 and 76 (g) /per person/per day in 2003 (Chavasit et al., 2017), 
respectively. Consumption of sugar nearly tripled from 12.7 kilograms (kg)/person/year 
in 1983 to 31.2kg/person/year in 2009 (Bureau of Policy and Strategy, 2011) with much 
of it in the form of sugar-sweetened beverages (Baker and Friel, 2014). Indeed, between 
2003 and 2009, the national consumption of carbonated soft drinks doubled from 7.9% 
to over 16% among Thais aged 15 years or older (Aekplakorn and Satheannoppakao, 
2010). Moreover, alcohol consumption has risen from 37.9 L/person/year in 1997 to 
45.7L /person/year in 2008 (Bureau of Policy and Strategy, 2011).  
The evident dietary shift that has occurred in Thailand over the past few decades is of 
concern. Unlike the traditional Thai diet (rich in fish, rice, fresh herbs and vegetables) 
that promotes longevity and  prevents disease (Kosulwat, 2002, Montonen et al., 2003) 
the ‘modern’ or western diet does not. Also, the new diets have been associated with 
obesity and T2DM risk (Schulze et al., 2004, Sluijs et al., 2010, Goran et al., 2013). 
However, longitudinal data are required to determine how emerging diets associate with 
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emerging T2DM in Thai adults and what aspects of these transitional diets might be 
beneficial for related health outcomes. 
1.7.6 Summary – transitions related to T2DM 
Over the past few decades, many LMICs across Southeast Asia have experienced rapid 
economic development. This has increased urbanization, improved access to labour 
saving technology, lengthened life expectancy, and altered many health-risk behaviours. 
The transitions described above provide a logical framework to understand recent 
increases in T2DM in Asian countries undergoing economic growth. However, 
longitudinal empirical evidence is required to determine the factors creating a T2DM risk 
in Southeast Asia, and this includes Thailand. 
1.8 Concluding remarks and rationale for this thesis 
The global prevalence of T2DM is increasing rapidly, with the majority of the burden 
expected to occur in LMICs as they experience continued economic development, a 
demographic shift towards an aging population, and accompanying health risks.  
Diagnosing T2DM is complex and is even more challenging when it is assessed in large 
epidemiological studies where some clinical methods for diagnosis are infeasible. With 
the prevalence of T2DM projected to keep rising, diabetes identification methods will 
need to become more feasible logistically and inexpensive enough to deploy when 
investigating a large number of people. This is particularly true for LMICs where 
resources are scarce. 
There is limited information on the epidemiology of T2DM in LMICs in Southeast Asia. 
Higher T2DM rates in developing Asian countries indicate that there may be some unique 
local risk factors operating in these populations. Without identifying local drivers and 
targeting them in customized preventive policy, health-risks will keep growing with 
continued economic development and increasing urbanization.  
The information presented in this introductory chapter leads to a rationale for 
investigating T2DM in Southeast Asia. Thailand represents well the issues in play and is 
influential in the region. As well, Thailand itself is responsible for a steadily growing 
proportion of the disease burden. Large-scale longitudinal data are required to determine 
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local causal factors and provide information for prevention of T2DM in the Thai 
population.  
The Thai Cohort Study (TCS), a nation-wide longitudinal epidemiological project, was 
developed to examine how changing health-risks are affecting health outcomes in Thai 
adults. The TCS data provide an opportunity carry out some of the studies needed to 
address the information gap regarding T2DM in LIMCs in Southeast Asia. TCS data can 
be used to assess the validity of self-report when attempting to detect a large number of 
cases across the country and to assess the incidence of T2DM and its many risk factors in 
Thai adults. This information is required to identify the local drivers of T2DM and to 
guide targeted public health interventions for its control in Thailand. 
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Chapter 1: Introduction 
1.9 Research aim, objectives, and questions 
The overall aim of this thesis is to better understand the epidemiology of type II diabetes 
now emerging in Southeast Asia. To respond to this aim I will use the TCS, a large 
nationwide 8-year cohort study of the health-risk transition in Thailand. 
For T2DM in Thailand, the objectives of this thesis are to: 
1) validate self-report of doctor diagnosis for detecting the disease in the population
2) analyse the disease incidence and associated  risks
3) assess the direct and obesity-mediated effects of sugar-sweetened beverages
4) investigate the relationship between BMI and T2DM, and calculate population
attributable risk
5) determine the association between upstream T2DM risk factors and dietary
patterns.
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Table 1-2 Research questions, objectives, hypotheses, chapters and relevant studies 
Research 
question Objective Hypotheses Publication title 




report of doctor- 
diagnosis for 
detecting the 
disease in the 
population 
1H1:Self-reports of doctor-
diagnosed T2DM are valid in 
Thai adults 
1H2: Self-reports of T2DM 
can be used to asses trends 
and determinants in T2DM 
Validity of Self-
Reported 
Diabetes in a 
Cohort of Thai 
Adults  
What is the 
incidence and 
what are the risk 
factors for T2DM? 




2H1: The incidence of T2DM 
in Thai adults is comparable 
with other countries 
undergoing a transition 
2H2: Changes that have 
accompanied the health-risk 
transition are posing a T2DM 
risk 
Incidence and 
Risk Factors for 




from the Thai 
Cohort Study  









effects of sugar- 
sweetened 
beverages 
3H1: Frequent SSB intake 
increases the risk of T2DM in 
Asian adults 
3H2: Obesity mediates a 
proportion of the SSB-T2DM 
3H3: SSB intake increases 





type 2 diabetes 
incidence in Thai 
adults: results 
from an eight year 
prospective study  
What is the 
relationship 
between baseline 
body mass index 
and incidence of 











4H1: BMI increases T2DM 
risk at a cut off <25kg/m2 
4H2:Over half of T2DM in 
Thai adults is attributed to 
excess weight 
Body mass index 
and type 2 
















risk factors and 
dietary patterns 
5H1: Women are more likely 
to follow a diet that reduces 
T2DM risk  
5H2:High SEP associates 
with a healthier dietary 
pattern in Thai adults 
5H3: Urbanization associates 
with dietary patterns that 







evidence from the 
Thai Cohort Study 
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1.10 Thesis structure 
The first chapter (Chapter 1) introduces the research topic for this thesis investigating 
T2DM and the health-risk transition in Thailand. It then presents a synthesis of the current 
literature, identifies the knowledge gaps in the literature, and outlines the research aim, 
objectives, questions, and hypotheses. 
Chapter 2 provides an overview of the methodological approaches taken in this thesis. It 
describes the data sources, survey protocols, and statistical techniques used to collect and 
analyse the data required to address the research questions outlined in this thesis.  
Chapter 3 is a published peer-reviewed article that summarizes the literature on self-
reported diabetes in epidemiological studies. It then adds to the literature by addressing 
the first research objective of this thesis. This paper is entitled ‘Validity of Self-Reported 
Diabetes in a Cohort of Thai Adults’ and has been published in the Global Journal of 
Health Science. 
Chapter 4 is a published peer-reviewed article that summarizes the literature on T2DM in 
Southeast Asia and Thailand and its risk factors. It then adds to the literature by 
addressing the second research objective of this thesis. This paper is entitled ‘Incidence 
and Risk Factors for Type 2 Diabetes Mellitus in Transitional Thailand: Results from the 
Thai Cohort Study’ and has been published in the BMJ Open. 
Chapter 5 is a published peer-reviewed article that summarizes the literature on sugar-
sweetened beverage intake and T2DM risk in western and Asian populations. It then adds 
to the literature by addressing the third research objective of this thesis. This paper is 
entitled ‘Consumption of sugar-sweetened beverages and type 2 diabetes incidence in 
Thai adults: results from an eight year prospective study’ and has been published in 
Nutrition & Diabetes. 
Chapter 6 is a published peer-reviewed article that summarizes the literature on the BMI-
T2DM relationship in Asian populations. It then adds to the literature by addressing the 
fourth research objective of this thesis. This paper is entitled ‘Body mass index and type 
2 diabetes in Thai adults: defining risk thresholds and population impacts’ and has been 
published in BMC Public Health. 
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Chapter 7 is a published peer-reviewed article that summarizes the literature on 
transitional dietary patterns and their socio-demographic predictors in Thai adults. It then 
adds to the literature by addressing the fifth research objective of this thesis. This paper 
is entitled ‘Social demography of transitional dietary patterns in Thailand: prospective 
evidence from the Thai Cohort Study’ has been published in Nutrients. 
In chapter 8, I review and connect the five results chapters and provide an overall 
summary on the T2DM epidemic and its risk factors in Thailand. The strengths and 
limitations are discussed along with the significance of this work and its implications for 











2 Study methods and participants 
2.1 Overview 
This chapter describes the data sources, survey protocols, and statistical techniques used 
to collect and analyse the information required to address the research questions outlined 
in this thesis.  
2.1.1 Data sources 
The data for this thesis were collected from Thai adults enrolled in the Thai Cohort Study 
(TCS). From this cohort, three data sources were used for the research reported in 
Chapters 3-7. The data sources, ethical approvals, protocols, eligibility criteria, and data 
cleaning methods are summarized below. 
2.1.2 Data source 1: The Thai Cohort Study (TCS) 
The TCS is a prospective observational study of a large nation-wide cohort of distance 
learning Open University students. It is a study of health risks and outcomes in transitional 
Thailand.  The overall aims are to investigate how health-risks are changing over time, 
how they are distributed among Thai adults, and how they affect health status. Also under 
investigation is the effect of rapid socio-economic development. Appropriate 
interventions to control and prevent emerging disease epidemics are also considered by 
the TCS (Sleigh et al., 2008).  
To start the TCS in 2005, a 20-page baseline questionnaire was mailed to all 200,000 
students enrolled at Sukothai Thammithirat Open University (STOU). A total of 87,151 
(44%) students returned their questionnaire and formed the baseline cohort. In 2009, a 
follow-up questionnaire was sent to all participants of the baseline cohort. Of these a total 
of 60,569 (70%) were successfully followed-up. In 2013, a further follow-up 
questionnaire was sent to all participants who responded in 2009; 42,785 (70%) returned 
a completed questionnaire again in 2013 Table 2.1 shows selected characteristics of the 
cohort across the three surveys.  
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Table 2-1 Selected characteristics of TCS participants responding to each survey 
Characteristics Participants in 2005 
n (%) 
Participants in 2009 
n (%) 
Participants in 2013 
n (%) 
Sex 87,151 60,569 42,785 
  Male 39,484 (45.3) 27,406 (45.3) 19,330 (45.2) 
  Female 47,659 (54.7) 33,163 (54.8) 23,455 (54.8) 
Age 
15-29 46,714 (53.6) 28,681 (47.4) 18,361 (42.9) 
30-39 27,320 (31.4) 20,907 (34.5) 15,576 (36.4) 
40-49 10,953 (12.6) 9,173 (15.1) 7,399 (17.3) 
50 and over 2,145 (2.5) 1,808 (3.0) 1,449 (3.4) 
Body Mass Index 
  Normal (<23.0) 59,471 (69.2) 40,327 (67.5) 27,937 (66.2) 
  At risk (23.0-24.9) 12,969 (15.1) 9,484 (15.9) 7,018 (16.6) 
 Obese (>25) 13,560 (15.8) 9,953 (16.6) 7,278 (17.2) 
Income 
  <10,000 55,434 (65.2) 36,500 (61.6) 24,733 (58.9) 
10,001-20,000 20,570 (24.2) 15,729 (26.5) 11,857 (28.3) 
>20,001 8,956 (10.5) 7,042 (11.9) 5,370 (12.8) 
Education level 
  Junior high school 3,039 (3.5) 2,023 (3.4) 1,325 (3.1) 
  High school 39,415 (45.4) 25,974 (43.0) 17,594 (41.2) 
 Diploma/certificate 23,468 (27.0) 16,265 (26.9) 11,384 (26.7) 
  university 20,985 (24.2) 16,165 (26.8) 12,380 (29.0) 
Current residence 
  Rural 41,748 (48.3) 29,339 (48.8) 21,201 (49.9) 
  Urban 44,764 (51.7) 30,819 (51.2) 21,319 (50.1) 
Fruit/vegetable 
Serves per day 
  <5 serves 52,486 (62.8) 37,046 (63.5) 26,350 (63.7) 
>5 serves 31,114 (37.2) 21,324 (36.5) 15,026 (36.3) 
Smoking 
  Never smoked 61,124 (73.6) 42,959 (74.1) 30,646 (74.8) 
  Ex-smoker 13,409 (16.1) 9,596 (16.6) 6,844 (16.7) 
  Current smoker 8,539 (10.3) 5,388 (9.3) 3,508 (8.6) 
Alcohol intake 
  Never drinks 22,712 (26.4) 16,106 (26.9) 11,620 (27.5) 
  Quit 7,724 (9.0) 5,321 (8.9) 3,633 (8.6) 
  Occasional drinker 51,371 (59.8) 35,433 (59.2) 24,923 (58.9) 
  Regular drinker 4,171 (4.8) 2,981 (5.0) 2,116 (5.0) 
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2.1.2.1 Eligibility for the TCS 
STOU students are an informative group of Thai adults that represent the national 
population well in terms of demography, geography, religion, and socio-economy (Sleigh 
et al., 2008). All 200,000 distance-learning students enrolled at STOU in 2005 were 
eligible to take part in the TCS. At baseline, cohort members were adults ranging in age 
from 15 to 87, of modest means, who were distance-learning students embedded in their 
communities all over Thailand. Just over half of this cohort was female and living in an 
urban area of residence. At baseline, cohort members were younger and had a higher level 
of education than the national Thai population. Accordingly, they were expected to 
undergo the health-risk transition ahead of their fellow Thais. Thus this cohort can 
provide information on health and its determinants that will inform trends in the national 
Thai population in future years. 
2.1.2.2 TCS protocols 
All TCS participants were asked to self-complete a questionnaire in 2005 and in 2009. 
Those who were followed-up in 2009 were also asked to complete an additional survey 
in 2013. In all three surveys, participants were asked questions about their socioeconomic 
and demographic characteristics (e.g. age, marital status, income, occupation, education 
level, area of residence), cultural and lifestyle characteristics (e.g. ethnic/religious 
practices and their dietary intake), health-risk behaviours (e.g. smoking and alcohol intake, 
transport, seat belt and helmet use), family characteristics (number of children, cause of 
parental death), and self-reported health outcomes (e.g. dental health, anxiety and 
depression, weight and health conditions including diabetes). Details on diabetes, the 
focus of the thesis, are given below. 
In 2005, participants were asked ‘Have you ever been told by a doctor that you have
diabetes (needing or not needing insulin)’; in 2009 participants were asked ‘As a result
of a diagnosis by a doctor, have you ever been told that you have diabetes (needing or 
not needing insulin)’; and in 2013 participants were asked ‘Have you ever received a
confirmed diagnosis from a doctor that you definitely have diabetes’.  
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The three surveys (2005, 2009, 2013) were developed by TCS investigators including 
experts from the fields of public health, medicine, anthropology, nutrition, demography, 
and epidemiology. Where possible, the surveys utilized validated and standardized 
questions (e.g. the Medical Outcomes (SF8) instrument).  Surveys were translated and 
then back translated to ensure that the meanings of the questions remained stable. All 
returned surveys were scanned using Scan Devet intelligent character recognition 
software that creates a linked image and digital data for each questionnaire. Alongside 
the 2005, 2009 and 2013 surveys, additional validation studies have been conducted to 
assess the validity and reliability of self-reported data (e.g. for height and weight data). 
2.1.2.3 Data processing and variable development 
All scanned data were verified by a team of experts at Khon Kaen University who 
compared the resulting digital data to the scanned data. In addition to this, a group of TCS 
investigators cleaned and prepared variables for analyses at each wave of follow-up. All 
actions taken to edit or revise the data and the name and structure of master flies have 
been described in detail with the project metadata. Categorical and continuous variables 
were checked for impossible, improbable outlying and missing data points using 
tabulations and frequency tables, respectively. Data inconsistencies were checked against 
the original questionnaires for errors and remaining inconsistencies were resolved by 
discussion among the TCS investigators. Where possible, errors were corrected and 
where not possible an ‘error in data’ code was given. 
For the purpose of this thesis, additional variables have been prepared. Variables for the 
main outcome of interest in this study were derived as follows:  for diabetes in 2005 and 
2009 ‘yes’ responses to having diabetes (needing insulin or not) were combined and 
considered as diabetes; those responding ‘no’ on both 2005 and 2009 surveys were 
considered as not having diabetes. In 2013, there was no specific question on insulin.  A 
response of ‘yes’ meant having diabetes and ‘no’ meant not having diabetes. If the 
participants said ‘I am at risk’ this was considered as not yet having diabetes. Other 
decisions regarding how variables were used for the different research questions in this 
research are outlined specifically in each chapter. 
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2.1.2.4 Ethics 
The chief TCS investigators obtained ethical approval for TCS data from Sukhothai 
Thammathirat Open University Research and Development Institute (protocol 0522/10) 
and the Australian National University Human Research Ethics Committee (protocols 
2004/344, 2009/570). All participants gave informed written consent. TCS participants 
were advised that they were free to withdraw from the research at any time. 
2.1.2.5 Use of TCS data in the thesis 
In this thesis, the first research component to use TCS data was the validation study. This 
involved generation of additional data as described for data source two (section below) 
and in Chapter 3.  
Other components of the thesis to use TCS data were the incidence study, the SSB study, 
and the BMI study (Chapters 4, 5 and 6). Study participants for these three components 
included TCS members who were followed from 2005 to 2013 and did not have a missing 
response to the TCS diabetes survey question in 2013. Participants who reported diabetes 
at baseline (N=902) and those who reported having diabetes in 2009 and not in 2013 
(N=180), mostly women with gestational diabetes, were excluded from analyses reported 
in Chapters 4, 5 and 6. Details are given in each chapter regarding criteria for inclusion. 
2.1.3 Data source 2: diabetes validation study for TCS participants 
In 2015, as part of the research for this thesis, the validity of self-reported diabetes status 
was confirmed using physician telephone interviews. All eligible TCS participants (see 
next section below) were mailed an information sheet describing this validation study 
before being contacted by phone for the physician interviews (Appendix A). 
2.1.3.1 Eligibility for validation study 
TCS members were eligible to participate in the validation study (Chapter 3) if: 
 they were followed up in 2013 (i.e. had eight years of observation), and
 in 2005 they responded ‘no’ to the TCS survey question ‘Have you ever been told
by a doctor that you have diabetes (needing or not needing insulin)’, and
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 in 2009 they had responded to the TCS survey question ‘As a result of a diagnosis
by a doctor, have you ever been told that you have diabetes (needing or not
needing insulin)’ and/or;
 in 2013 they responded to the TCS survey question ‘Have you ever received a
confirmed diagnosis from a doctor that you definitely have diabetes’ .
From a list of potentially eligible participants, we attempted to contact all incident cases 
(first reported a diagnosis of diabetes in either 2009 or 2013) (n=878) as well as a 
random sample (2%) of participants who never reported a diagnosis of diabetes (n=650) 
(Figure 2-1).  
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Figure 2-1 Flow chart for the validation study of self-reported diabetes 
*DM diabetes mellitus
Thai Cohort Study participants in 2005 
N=87,151(100%) 
Have you ever received a confirmed diagnosis 
from a doctor that you definitely have DM? 
“No” in 2005 N=86,249 (99%) 
N=87,151(100%)
-“Yes” in 2005 N=902 (1%) 
Eligible TCS participants followed-up in 2009 
N=59,835 (67%) 
Indicated DM* in 2009 N=623 
Indicated no DM* in 2009 N=59,212
Ineligible in 2009 N=26,414 
-Missing DM* responses N=28
-Drop-outs in 2009 N=26,386
Eligible TCS participants followed-up in 2013 
N=39,687 (46%) 
Ever indicated DM* N=878 
-Indicated in 2009 but not 2013 n=180
-Indicated in 2009 and 2013 n=287
-Indicated in 2013 n=411
Indicated no DM in 2009 N=38,809
Ineligible in 2013 N=20,148
-Missing DM* responses N=2,567
-Drop-outs in 2013 N=17,581
TCS participants reached for the validation study 
-Indicated DM* n=442 of 878 (50%)
-Indicated no DM* n=340 of 650 random sample (52%)
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2.1.3.2 Protocols 
The Thai physician used an interview protocol to determine diabetes status. I developed 
this protocol in consultation with a group of five physicians (four Australian and one Thai) 
and one additional public health nutritionist, following the American Diabetes 
Association’s (ADA) classification guidelines for diagnosing diabetes (Appendix A). The 
protocol was translated and back translated to ensure accuracy. Using this protocol, the 
Thai physician was able to confirm whether participants had been diagnosed with diabetes 
and record information from participants regarding how they were diagnosed with 
diabetes; and whether or not they had been diagnosed with transient or type 2 diabetes. I 
entered all interview data into a statistical software package. 
2.1.3.3 Data processing and variable development 
All physician interview data were cleaned and categorized in consultation with the 
interviewing physician. Three variables were then created: 1) the first classified the 
sampled participants according to whether or not they were successfully contacted for 
interview; 2) the second classified the responding participants as having correctly 
reported a diagnosis of diabetes; and 3) the third to classified participants according to 
whether or not they had T2DM, transient diabetes, or no diabetes based on the physician 
interviews.  
2.1.3.4 Ethics 
I obtained ethics approval for the diabetes validation study from the Australian National 
University Human Research Ethics Committee (protocol 2014/782). All participants gave 
their informed oral consent prior to beginning the interviews. TCS participants were 
advised that they were free to withdraw from the research at any time. 
2.1.4 Data source 3: dietary study for TCS participants 
To collect data for the dietary study, in 2015 all eligible TCS participants were mailed an 
information sheet describing the study along with the dietary survey (Appendix B). 
2.1.4.1 Eligibility 
Participants who completed all three TCS questionnaires (2005, 2009, and 2013) were 
eligible for the dietary study (N=42,785). We invited a random sample of 2,400 TCS 
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members to complete the additional dietary survey in 2015. A total of 1090 (45%) 
completed and returned their dietary surveys. Of these, 15 (men n=10, women n=5) did 
not respond to >10% of their FFQ questions and were excluded. Analyses were based on 
1075 participants. 
2.1.4.2 Data collection tools 
All dietary data in 2015 were collected using a dietary survey. I developed this survey in 
consultation with my supervisory team. The dietary survey incorporated the Thai National 
Health Examination Survey food frequency questionnaire (FFQ) (Appendix B). The Thai 
FFQ has been previously validated in the national Thai population and has been used to 
determine dietary patterns and their association with health outcomes. I obtained 
permission from a representative from the Thai Ministry of Public Health to use this FFQ 
in my research. The FFQ was already written in Thai but the remainder of the survey was 
translated into Thai and back translated to English to ensure accuracy. All returned 
surveys were scanned using a Scan Devet intelligent character recognition software that 
creates a linked image and digital data for each questionnaire.  
2.1.4.3 Data processing and variable development 
All scanned data were verified by a team of experts at Khon Kaen University who 
compared the resulting digital data to the scanned data. In addition to this, I cleaned the 
data in consultation with a nutritional epidemiologist and with guidance from the 
literature (Willett, 2012, Thorpe et al., 2016). Accordingly, participants were excluded 
from this study if responses to >10% of food consumption items were missing while all 
other missing FFQ items were considered not consumed. FFQ responses for each item 
were converted into daily intake equivalents as follows: ‘don’t eat at all’=0, ‘less than 
once per month’ (0.5/30=0.02), ‘1-3 times per month’(2/30=0.07), ‘1-3 times per week’ 
(2/7=0.28), ‘4-6 times per week’(5/7=0.71), ‘once per day’=1, or ‘more than once per 
day’=2.5. All 44 food items were allocated into 30 mutual foods groups (Supplement 7.1). 
2.1.4.4 Ethics 
I obtained ethics approval for the dietary study from the Australian National University 
Human Research Ethics Committee (protocol 2015/068). All study participants sent back 
their written consent along with their completed surveys. TCS participants were advised 
that they were free to withdraw from the research at any time. 
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2.1.4.5 Use of dietary survey data in this thesis 
The dietary data collected in 2015 were used to support the analyses in Chapter 7. 
2.2 Conceptual framework 
2.2.1 The ‘Health-Risk’ transition study 
Thai Cohort Study investigators adopted a multilevel eco-social model to determine the 
population health status in Thailand and its complex drivers (Figure 2-2). This model 
considers the multi-level health-risks that play a role in Thailand’s health-risk transition. 
Figure 2-2 Multilevel eco-social health model (Sleigh et al., 2008) 
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2.2.2 Risk factors of T2DM in transitional Thailand 
For the purpose of this thesis, the TCS eco-social model has been further adapted to show 
clearly the multi-level drivers of type 2 diabetes mellitus. Hence, the following 
framework has been used to guide the overall research design of this study (Figure 2-3). 
This research investigated T2DM and its multi-level risk factors in TCS participants. 
Figure 2-3 Conceptual framework for risk factors of T2DM in transitional Thailand 
2.3 Statistical analysis 
The statistical methods for this work are described in detail in each of the methods 
sections of Chapters 3 to 7 and are summarized here. In Chapters 3 to 6, I compared the 
distribution of exposures of interest and potential confounders in participants with and 
without incident diabetes. I then used logistic regression to calculate crude and 
covariate-adjusted odds ratios (ORs) and 95% confidence intervals (95% CIs) to assess 
longitudinal associations between exposures of interest and T2DM. Non-linear 
associations were modelled using restricted cubic splines. In Chapter 7, I used 
principle component analysis to identify dietary patterns. I then used linear regression 
to estimate standardized coefficients (ßeta) and 95% CIs to assess associations 
between socio-demographic measures and dietary intake pattern scores. Possible 
variable interactions were also assessed throughout using stratification and by adding 
interaction terms and testing their statistical significance.  
Diabetes
(e.g. area of residence, income) 
(e.g. diet, lifestyle, obesity) 
Upstream factors 
Downstream factors 
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Development of the final models used to explore the associations between the exposures 
of interest with diabetes or dietary patterns consisted of a multifaceted approach. Initially, 
I constructed a theoretical causal model based on the literature using directed acyclic 
graphs (Appendix C). Directed acyclic graphs (or DAGs) are diagrams that help describe 
causal relationships between variables. These are drawn in accordance with causal rules 
and assumptions (e.g. causes (X) must precede effects (Y) and therefore the graph cannot 
be cyclic). Based on these rules, which are mathematically grounded, it is possible to 
translate these causal diagrams into statistical models. In this way, DAGs can assist with 
selecting covariates for regression analyses, identifying potential bias and error, and 
understanding analyses of direct and indirect effects (Greenland et al., 1999) (Rothman 
et al., 2008). 
After considering the theoretical causal model, I used a ‘change-in-estimate’ approach to 
identify confounders. This is a method for selecting variables based on changes in the 
estimated exposure effect (e.g. >10%) (Rothman et al., 2008). As well, I used likelihood 
ratio tests to assess whether interaction terms were statistically significant (p<0.05). 
2.4 Summary 
This chapter outlined the methods used to collect, prepare and analyse the data for the 
various studies of this thesis. In each of the following five chapters, I present additional 
details in journal article format regarding the specific statistical methods used to answer 
each study question and the findings for each research question. The published articles in 
each chapter have been prepared in accordance with the requirements of each specific 
journal. 
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3 Validity of self-reported doctor-diagnosed T2DM in Thai 
adults 
Chapter 3 is a peer-reviewed article that has been published in the Global Journal of 
Health Science. It addresses Objective 1: to validate self-report for detecting the disease 
(T2DM) in the population. Physician telephone interviews to validate questionnaire 
responses were conducted in 2015 with a sample of participants who self-reported T2DM 
(N=442) and with a sample of participants who self-reported no T2DM (N=340). 
Results demonstrated the high validity of questionnaire self-reported doctor-
diagnosed T2DM and support the accuracy of the subsequent analyses carried out in 
Chapters 4-6. 
Chapter 3: Validity of self-reported doctor-diagnosed T2DM in Thai adults
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Abstract 
Background: Much of South East Asia is experiencing an epidemiological transition. In Thailand, chronic disease 
has emerged and the prevalence of diabetes has tripled. As part of a large cohort study of the Thai transition to 
chronic disease, we gathered data on self-reported diabetes. Epidemiological studies commonly ascertain such 
data by self-report but the validity of this method has not been assessed in Thailand. Therefore, we aimed to 
investigate the validity of self-reported type 2 diabetes (T2DM) in Thai adults participating in the Thai Cohort 
Study (TCS). 
Methods: Data were collected by mailed questionnaire from adults involved in the TCS, a nationwide 
community-based longitudinal health study of distance learning adult students enrolled at Sukhothai 
Thammathirat Open University. Participants were surveyed in 2005, 2009 and 2013. We sampled all participants 
with self-reported T2DM status (878 cases) for telephone interview with our study physician along with a random 
selection of 650 participants who self-reported not having diabetes in all three TCS surveys. These physician 
telephone interviews allowed us to validate self-reported questionnaire responses.  
Results: Questionnaire self-report of diabetes slightly over-estimated the incidence of T2DM in this cohort; the 
overall proportion of confirmed T2DM cases was 78%. Participants with a consistent pattern of diabetes reporting 
at the 2009 and 2013 questionnaire follow-ups had the highest validity of self-reported responses (96%; 95%CI 
92.9-99.1).The lowest proportion of confirmed T2DM cases was recorded among participants who reported 
diabetes in 2009 and not in 2013 (32%)(95%CI 22.6-41.4), mostly young women with transient (gestational) 
diabetes. 
Conclusions: Our results, derived mainly from young, educated Thai adults nationwide, show that self-reported 
doctor diagnosed T2DM is a feasible and acceptable method for assessing diabetes in epidemiological studies. 
Keywords: cohort study, diabetes mellitus, type 2, self-reported diabetes, Thailand, validation study 
1. Introduction
Many developing countries have undergone rapid economic growth over the past 50 years and this has transformed 
diets, behaviors and disease. There have been great health benefits associated with this transition, including 
decreased childhood mortality and reduced prevalence of infectious diseases. But there has also been a widespread 
adoption of unhealthy behaviors (such as smoking and lack of exercise), along with a concomitant emergence of 
unhealthy environments (such as urban slums and air pollution), and a transformation of food systems and agrarian 
diets into modern supermarkets and industrialized food. These changes lead to the emergence of chronic and 
degenerative diseases. Collectively, these shifts in behavior, environment, diet, and disease have been labelled the 
‘health-risk transition’ (A. Sleigh & Seubsman, 2015). As part of the transition, T2DM has emerged as a major 
cause of morbidity in many middle-income countries, including Thailand (Ramachandran, Wan Ma, & Snehalatha, 
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2010). With over 4.0 million Thai adults estimated to have diabetes, Thailand is now one of the most affected 
countries in Asia (Chan et al., 2009; International Diabetes Federation, 2015).  
To respond to the emerging non-communicable disease epidemic in Thailand, and understand the local risk factor 
dynamics, researchers from Thailand and Australia have established the ‘Thai Cohort Study’, a nation-wide 
investigation of the ongoing ‘health-risk transition’ (A. C. Sleigh, Seubsman, Bain, & The Thai Cohort Study 
Team, 2008). Like many large-scale epidemiological studies, the TCS used self-completed questionnaires to 
collect information on risk factors and disease, including diabetes. Collecting health information via self-report is 
a feasible and convenient method for obtaining population data but questions arise over accuracy of this method. 
Responses by study participants may vary depending on their personal characteristics, including education level 
and perceptions and understanding of disease (Goto et al., 2013; Okura, Urban, Mahoney, Jacobsen, & Rodeheffer, 
2004).  
Several studies have suggested that a diagnosis of diabetes is accurately reported by study participants however 
this work was carried out in cohorts restricted to women (Manson et al., 1991; Pradhan, Manson, Rifai, Buring, & 
Ridker, 2001; Rylander, Sandanger, Engeset, & Lund, 2014) or people within a specific age range (Comino et al., 
2013; Goldman, Lin, Weinstein, & Lin, 2003; Margolis et al., 2008). Among studies conducted within larger or 
more heterogeneous cohorts, the accuracy of self-reported diabetes varied by socio-demographic characteristics 
(Okura et al., 2004; Yuan, Liu, Wu, Zou, & Li, 2015) or by ethnicity (El Fakiri, Bruijnzeels, & Hoes, 2007; Goto et 
al., 2013). Socio-demographic characteristics such as older age (with cognitive decline) (Sherbourne & Meredith, 
1992) and lower education level (with reduced health literacy) (Yuan et al., 2015) may associate with reduced 
accuracy of self-reported diabetes. Little research has assessed the accuracy of self-reported health information 
among Asian populations, although it has been suggested that there may be higher levels of misreporting than in 
western populations (Goldman et al., 2003; Goto et al., 2013; Yuan et al., 2015).  
Accuracy of self-reported health status among Asian populations may link to traditional cultural beliefs. In some 
Asian countries (including China and Thailand), traditional medicine may be practiced alongside and/or as part of 
the healthcare system (Chokevivat, Chuthaputti, & Khumtrakul, 2005; Hesketh & Zhu, 1997). Treatment for 
health conditions may be sought using traditional and/or modern medicine approaches (Yuan et al., 2015). As a 
result, traditional medical perspectives and/or treatment may lead to misreporting or under-reporting in Asian 
populations. For example, individuals using traditional Chinese medicine may under-report hypertension 
(Goldman et al., 2003) since high blood pressure may not be considered as a disease according to traditional 
Chinese medicine (Goldman et al., 2003). In contrast, Chinese adults self-report diabetes more accurately when 
also questioned about use of traditional Chinese anti-diabetic medicine (Yuan et al., 2015). Whether similar issues 
are relevant in Southeast Asian populations is not known. Specifically, the validity of diabetes self-report has not 
been investigated in the Thai population. Many Thais practice traditional Thai medicine which is highly influenced 
by both Theravada Buddhism (the main school of Buddhism practiced in Thailand) and by traditional Chinese 
medicine (Offringa, 2014). Accordingly, field studies of self-reported diabetes among Thais may be affected by 
traditional cultural beliefs just as noted in Chinese populations and this might influence the epidemiological 
information.  
Therefore, we validated questionnaire self-report of doctor-diagnosed T2DM in Thai adults participating in the 
TCS by comparing physician interview data to the questionnaire data. We also investigated whether the validity of 
self-reported questionnaire T2DM was associated with personal socio-demographic characteristics. We then 
determined the impact that any potential reporting bias may have on cumulative incidence estimates for T2DM. 
2. Methods
2.1 Source Population
In 2005 all 200,000 enrolled Suhkkothai Thammathirat Open University (STOU) students were mailed a detailed 
baseline questionnaire that covered a wide range of topics including socio-demographic characteristics, lifestyle 
behaviors and self-reported health outcomes. These students were adult distance learning students of modest 
means aspiring to use education for self-improvement. As such they are expected to undergo the ‘health-risk 
transition’ dynamics ahead of their fellow Thais. Of the total 87,151 (100%) students who returned their 
questionnaire in 2005, 60,569 (69%) were successfully followed up in 2009 and 42,785 (49%) were followed up 
again in 2013. 
2.1.2 Ascertainment of Diabetes Status 
In all three surveys (baseline, four-year follow-up, and eight-year follow-up), cohort members were asked whether 
they had ever been told by a doctor that they had diabetes. The questionnaire did not ask participants to specify the 
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type of diabetes (Type 1, Type 2, gestational, etc). Therefore all those who ticked ‘yes’ to this question have been 
classified as self-reported cases of diabetes mellitus (with the type of diabetes not specified). This included a small 
group who reported ‘yes’ in 2009 but reverted to ‘no’ at follow-up in 2013. 
2.1.3 Participant Selection for the Validation Study 
Figure 1 shows how participants were selected for this validation study. We excluded the 902 participants in the 
original TCS cohort who reported doctor-diagnosed diabetes at baseline (2005). Exclusion of baseline prevalent 
cases ensured our focus was on current diagnostic practices, as incident cases (reported in 2009 and 2013) were of 
recent onset and would capture outcomes of the ‘health-risk transition’. Of those not excluded, participants who 
completed both follow-up questionnaires (2009, 2013) were sampled for the current study. This allowed us to 
assess whether an individual’s sequential reporting pattern over the 2009 and 2013 follow-up surveys influenced 
their likelihood of a valid self-reported diagnosis. Those who reported doctor-diagnosed diabetes for the first time 
in either of the follow-up questionnaires were considered as self-reported incident cases for our study and all 878 
were included in the validation sample. Those who reported not having diabetes in all three of the TCS surveys 
(2005, 2009, 2013) were considered non-cases (n=38,809), of whom we randomly sampled 650. 
Figure 1. Ascertainment of diabetes cases in Thai Cohort Study participants 
Participants* selected based on self-reported diabetes status in 2005, 2009 and 2013.  
*The self-reported positives in 2005 were excluded (n=902) as were those missing in 2009. The 59,835
remaining persons were subjected to the sequential process involved in the validation and the numbers of
persons in each category as shown in the figure above.
2.2 Data Collection 
We used telephone interviews undertaken by a practicing Thai physician to confirm the validity of self-reported 
doctor-diagnosed T2DM and transient diabetes. Medical record review and/or blood sampling for this nationally 
dispersed cohort was not logistically feasible. Furthermore, blood measures alone can be uninformative or even 
misleading for those with diabetes who are receiving treatment and whose blood glucose levels have normalized. 
The same Thai physician conducted all interviews to exclude the potential for variation between interviewers. He 
was selected because of his previous experience with eliciting medical information from the TCS cohort, his 
knowledge of the use of traditional Thai diabetes medication, and his sensitivity to the culturally specific language 
required to attain information about such usage. 
2.2.1 Interview Procedure for Validation Study 
Potential participants were first sent an information sheet describing the validation study and inviting their 
participation before they were telephoned. The information emphasized that participation was not compulsory and 
it would be entirely their choice to take part or not. Then, up to three attempts were made to telephone each person 
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over a 6 week period between May and June 2015. The physician received verbal consent from each interviewee 
before conducting the interview. After receiving consent, the physician interviewed the sampled participants and 
progressively characterized each person according to the algorithm in Figure 2. 
Figure 2. Algorithm used to determine type 2 diabetes status during physician interviews 
Physician interviews* were used to determine type 2 diabetes status among sampled participants.  
Cases and non-cases were determined using an interview protocol and using the above algorithm. 
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2.2.2 Ascertainment of Diabetes Cases Based on Physician Interviews 
Type 2 diabetes status was determined by an algorithm incorporating the participants’ answers to a standard 
physician interview protocol. The protocol was developed by a group of five physicians (four Australian and one 
Thai) and two public health nutritionists, following  the American Diabetes Association’s (ADA) classification 
guidelines for diagnosing diabetes (American Diabetes Association, 2010). The ADA guidelines are the most 
commonly used criteria for diagnosing diabetes globally (Shaw, Sicree, & Zimmet, 2010) and are used by 
researchers and health professionals in Thailand (Aekplakorn et al., 2011). Accordingly, the protocol included 
questions probing about blood glucose testing and if it had occurred and blood glucose cut off criteria used in the 
participants’ diagnoses of diabetes, as well as the treatment and names of medications prescribed to participants by 
their physician. The interviewer asked about the frequency of physician check-ups and the types of tests taken 
during medical visits. Finally, those reporting diabetes were questioned further about transient disease triggered by 
pregnancy, surgery, use of steroids or other factors. The algorithm used for ascertaining T2DM status based on 
participants' answers is shown in Figure 2. 
2.3 Statistical Analysis 
Participants who self-reported diabetes were classified firstly as having correctly reported a diagnosis of diabetes 
mellitus. They were then classified according to whether or not they had T2DM or transient diabetes based on 
interviews by our study physician as outlined in Figure 2. It was noted if the transient diabetes was due to 
pregnancy, surgery, medication, or illness. The sample of participants who self-reported no diabetes in all three 
surveys were also interviewed by the study physician to confirm their status. 
2.3.1 Validation of Self-Reported Questionnaire Data 
Amongst the contacted participants, we calculated the proportion of valid self-reported questionnaire responses by 
dividing the number of physician interview-confirmed T2DM cases by the total number of participants who 
self-reported diabetes in 2009 and/or 2013. We also confirmed the proportion of validated non-cases by dividing 
the number of physician interview-confirmed non-cases by the total number of participants who self-reported not 
having diabetes in all three of the TCS surveys. We then assessed whether the proportion of physician-interview 
confirmed T2DM cases varied according to various socio-demographic characteristics previously found to be 
associated with the accuracy of self-reporting diabetes (Molenaar, Van Ameijden, Grobbee, & Numans, 2007; 
Okura et al., 2004).  
We wanted to assess which factors were associated with the correct self-reporting of T2DM separately for 
self-reported cases and self-reported non-cases. To do this we undertook logistic regression analysis including only 
the self-reported cases to investigate the socio-demographic characteristics associated with self-reported 
questionnaire and physician telephone interview agreement (with a binary outcome of no/yes for agreement). A 
likelihood ratio test was used to assess the significance of the variables in the model. A two sided significance level 
of 0.05 was used. The regression model included all physician interview confirmed T2DM cases. We then repeated 
these analyses including all of the physician-interview-confirmed diabetes cases (both T2DM and the transient 
diabetes cases).  
We then investigated how the sequential reporting pattern over the 2009 and 2013 follow-up surveys influenced 
the likelihood of a valid self-reported diagnosis of T2DM in 2013. Accordingly, we calculated the proportion of 
validated cases amongst 1) those who self-reported incident diabetes in both 2009 and 2013; 2) those who reported 
diabetes for the first time in 2013; and 3) those who reported diabetes in 2009 and subsequently reported no 
diabetes in 2013. 
2.3.2 Incidence of T2DM Accounting for the Effect of Misclassification 
We also determined the impact that reporting error may have had on estimates of cumulative incidence of T2DM in 
the cohort. A corrected cumulative incidence was calculated in two ways. We used the proportion of reporting error 
detected in 2009 incident cases amongst the contacted group to calculate a corrected cumulative incidence among 
the entire group of 2009 self-reported cases including those who did not participate in the interviews. The same 
procedure was carried out for the entire group of 2013 self-reported cases using the proportion of error detected in 
the 2013 self-reported cases who were contacted. 
We also carried out a sensitivity analysis to allow for the possibility that the amount of reporting error might be 
different among the group of participants who were lost-to-follow-up and thus did not participate in the telephone 
interviews. In this analysis we considered the effects of false positive probabilities by calculating a corrected 
cumulative incidence for the entire group of 2009 self-reported cases using false positive probabilities ranging 
between 10% and 50% for participants who did not participate in the interviews and were lost-to-follow up.  All 
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analyses were carried out using Stata (version 13.0). 
2.3.3 Sample Size, Power, Precision 
Sample size consideration for this study was guided by findings from previous validation studies conducted with 
Asian cohorts (Goto et al., 2013; Yuan et al., 2015). We expected that half of the selected cohort members who the 
physician attempted to contact would be reached by phone and would agree to take part in the interview (Kelly, 
Seubsman, Banwell, Dixon, & Sleigh, 2014). Accordingly, of the total 878 self-reported diabetes cases we 
expected to successfully follow-up approximately 440. A sample of 440 participants with diabetes would allow 
estimation of an expected correct reporting proportion of 80% (Goto et al., 2013; Yuan et al., 2015) with 95% 
confidence interval within +/- 4%. With a higher proportion of correct reporting expected among non-cases (85%), 
a smaller sample of 325 participants without diabetes would allow for the estimation of 95% confidence interval 
within the same precision of +/- 4%.  
Of the 442 self-reported cases, we expected that 80% (354 participants) would be verified as having T2DM and 
that 20% (88 participants) would not be verified as having T2DM. Thus, using an expected reporting error of 20%, 
80% power and 5% significance level, we would be able to detect a 15% difference in socio-demographic 
characteristics between those who were and were not confirmed as correctly self-reporting T2DM and between 
participants who were and were not confirmed as having correctly self-reported diabetes (both T2DM and the 
transient diabetes cases) during physician interviews. 
3. Results
Table 1 displays the baseline characteristics of the self-reported cases and non-cases that were selected for the 
physician telephone interviews. Among the self-reported cases, 711 of 878 had contact phone numbers and among 
the 650 non-cases 616 had contact phone numbers and were invited to participate. Of the participants who were 
selected for interviews, 442 (50%) self-reported cases and 340 (52%) self-reported non-cases were successfully 
contacted for interview. All participants with whom the physician made contact participated in the study. Among 
the contacted cases, the median age at baseline was 39.5 (minimum 19, maximum 64) and 52% were male. Among 
the contacted non-cases just over half were female (54%), and their median age at baseline was 31.5 (range 18 to 
78).  
Overall the socio-demographic characteristics of those interviewed and those who could not be contacted were 
similar for self-reported cases and for non-cases (all p-values >0.05). Differences were observed between cases 
who were interviewed and cases who were not interviewed for monthly income level (p=0.02) (higher income in 
those interviewed) and between non-cases who were interviewed and non-cases who were not interviewed for age 
(p=0.02) (lower age in those interviewed).  
The physician interviews confirmed that 344 of the 442 (78% (95%Confidence Interval (CI)) 74-82%) contacted 
cases reporting a new diagnosis of diabetes in either the 2009 or 2013 surveys had incident T2DM (shown in figure 
2). Of the 98 cases that were not confirmed as having T2DM, twenty percent were found to have had transient 
diabetes mellitus (18 gestational and two steroid-induced diabetes). The majority of these transient cases 
self-reported diabetes in 2009 but not in 2013. Of the remaining 78 non-confirmed cases, the majority indicated 
they self-reported diabetes because they were told by their physician that they had high blood glucose and were at 
risk of developing diabetes. The other participants indicated that they had misunderstood the questionnaire and 
thought that it was asking if they had ever been tested for diabetes. All 340 (100%) participants who indicated in 
both 2009 and 2013 that they had not been diagnosed with diabetes were found to have reported their disease status 
correctly. 
The proportions of self-reported diabetes cases validated by physician interviews according to various 
socio-demographic characteristics are shown in Table 2. The overall proportion of all confirmed self-reported 
diabetes cases (including participants with T2DM and with transient diabetes) was high (82%) and was similar 
across all socio-demographic characteristics. The overall proportion of confirmed self-reported T2DM diabetes 
cases was high (78%). Slight differences in the proportion of confirmed cases of T2DM were seen between males 
and females (82% versus 71% p<0.01) and between participants aged over 40 and those aged under 40 (84% 
versus 72% p<0.01).  
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Table 1. Baseline characteristics for participants and non-participants selected for physician interviews to validate 
self-reported diabetes status 
Baseline characteristics 
















Male 282(52) 263(48)  143(51) 139 (49)
Female 160(48) 173(52)  197(54) 171 (46)
Age 0.14 0.02
15-29 58(41) 82 (59) 147(47) 163 (53) 
30-39 168(53) 149 (47)  118(54) 101(46)
40-49 158(51) 150(49)  69(64) 38 (36)
50 and over 58(51) 55(49) 6(43) 8(57) 
BMI-Asian cut offs 0.41 0.27
Underweight (<18.49) 5(38) 8(62) 48(54) 40 (46)
Normal (18.5-22.9) 84(47) 95(53) 176(51) 171(49) 
At risk (23.0-24.9) 79(51) 76(49) 58(53) 52(47) 
Obese I (25.00-29.9) 189(53) 166 (47) 45(51) 43(49) 
Obese II (>30.0) 74(46) 87(54) 10(83) 2(17)
Income 0.02 0.10
<10,000 147(44.0) 187 (56) 197(49) 203 (51) 
10,001-20,000 161(55) 134 (45) 92(59) 65 (41) 
>20,001 124(54) 106 (46) 46(57) 35(43) 
Education level 0.13 0.57
Junior high school 18(53) 16 (47) 5(38) 8(62) 
High school 164(49) 173 (51) 129(50) 127(50) 
Diploma/certificate 100(46) 119 (54) 101(53) 89(47)
university 158(56) 126(44)  104(55) 85(45)
Note. *May not total to N due to missing responses for some characteristics.  
† χ2 test comparing baseline characteristics between physician interview participants and non-participants for questionnaire 
self-reported cases 
‡ χ2 test comparing baseline characteristics between physician interview participants and non-participants for questionnaire 
self-reported non- cases 
- 73 -
gjhs.ccsenet.org Global Journal of Health Science Vol. 9, No. 7; 2017 
Table 2. Proportion of self-reported diabetes cases confirmed by physician interviews among participants 



























Overall 442 364 82%  344 78%
Sex 0.95 0.006
Males 282 232 82%  231 82%
Females 160 132 83% 113 71%
Age 0.13 0.001
Under 40 226 180 80%  162 72%
40 or over 216 184 85% 182 84% 
Income 0.86 0.34
10000 and under 147 123 84% 110 75% 
10001- 20000 161 131 81%  125 78%
20001 and over 124 103 83% 102 82% 
Education 0.78 0.21
Junior high school 18 15 83% 15 83% 
High school 164 137 84%  132 80%
Diploma/certificate 100 84 84%  81 81%
University degree 158 126 80% 114 72%
Note. † χ2 test comparing the proportion of confirmed self-reported diabetes cases (type 2 diabetes and transient diabetes) by 
baseline socio-demographic characteristics.  
‡ χ2 test comparing the proportion of confirmed self-reported type 2 diabetes cases by baseline socio-demographic 
characteristics. 
The findings from the logistic regression analyses are shown in Table 3. All of the self-reported non-cases correctly 
reported not having diabetes. Therefore, there was no variability in the socio-demographic characteristics 
associated with the correct reporting of diabetes status in this group. Among the confirmed self-reported T2DM 
diabetes cases, the adjusted model shows that female sex is associated with lower odds of agreement between the 
questionnaire and physician interviews (OR 0.5 (95% CI 0.3-0.9) and that older age is associated with higher odds 
of agreement between the questionnaire and physician interviews (OR 1.8 (95% CI 1.1-3.1). When the total group 
of confirmed self-reported diabetes cases (all types) was included, the association with sex was not apparent and 
was not statistically significant for age, indicating that these slight differences in the proportion of confirmed cases 
of T2DM may reflect the cases of gestational diabetes among the young women in this cohort. 
Assessing validity of self-report according to sequential reporting pattern over the 2009 and 2013 follow-up 
surveys showed that the proportion of confirmed T2DM was highest among those who self-reported incident 
diabetes in both 2009 and 2013 96% (95% CI 93-99%), followed by those who reported incident diabetes only in 
2013 86% (95% CI 81-91%), with the lowest proportion of confirmed T2DM cases being recorded among the 
participants who reported incident diabetes in 2009 and subsequently no diabetes in 2013 32% (95% CI 23-41%). 
The group of participants who reported incident diabetes in 2009 and subsequently reported no diabetes in 2013 
had the largest proportion of the participants with transient diabetes in this cohort (16 of the total 20 participants 
with transient diabetes were in this reporting group). 
Cumulative incidence of T2DM accounting for the effect of misclassification: Using self-reported questionnaire 
- 74 -
gjhs.ccsenet.org Global Journal of Health Science Vol. 9, No. 7; 2017 
data, the four-year cumulative incidence for T2DM from 2005 to 2009 in the TCS was 1.04% (95% CI 0.96-1.12%; 
623/59,835). However, our physician interviews suggested that 29% of the group who reported diabetes in 2009, 
did not have T2DM.  We applied this error to all of the 2009 self-reported cases and calculated a corrected 
estimate of the 2005 to 2009 four year T2DM cumulative incidence of 0.74% (95% CI 0.67-0.81%; 444/59,835). 
The 2009 to 2013 four-year cumulative incidence of T2DM based on self-report, was 1.05% (95% CI 0.97-1.13%; 
411/39,220). For this reporting period our physician interviews indicated that, 14.4% of positive reporters did not 
have T2DM.  By applying this T2DM reporting error to all of the 2013 self-reported cases we calculated a 
corrected estimate of the 2009 to 2013 four year T2DM cumulative incidence of 0.90% (95% CI 0.82-0.98%; 
352/39,220).  In a sensitivity analysis we additionally allowed the reporting error fractions to vary from 10-50% 
in the group lost to follow-up after 2009 and found that the four year 2005 to 2009 cumulative incidence estimates 
varied from 0.69% (95% CI 0.61-0.75%; 411/59,835) to 0.79% (95% CI 0.72-0.86%; 473/59,835).  
Table 3. Associations between baseline characteristics and agreement between questionnaire data and interview 
findings for interviewed self-reported cases 
N=442 
All self-reported diabetes cases (Agreed 
cases n=364) 
Self-reported cases with type 2 diabetes (Agreed 
cases n=344) 
Crude Adjusted* Crude  Adjusted* 
Characteristics OR 95% CI OR 95% CI OR 95% CI OR 95% CI 
Sex 
Male sex 1 1 1 1 
Female sex 1.0 0.6-1.7 1.0 0.6-1.6 0.5 0.3-0.8 0.5 0.3-0.9 
Age 
Age <40 1 1 1 1 
Age >40 1.5 0.9-2.4 1.5 0.9-2.7 2.1 1.3-3.4 1.8 1.1-3.1 
Income per 
month 
< 10001 1 1 1 1 
10001-20000 
baht 
0.9 0.5-1.5 0.8 0.4-1.5 1.2 0.7-2.0 1.0 0.6-1.8 
> 20001baht 1.0 0.5-1.8 0.8 0.4-1.7 1.6 0.9-2.8 1.1 0.5-2.3 
Education
High school 1 1 1 1 
Junior high 1.0 0.3-3.6 1.3 0.3-5.9 1.2 0.3-4.4 1.4 0.3-6.8 
Diploma 1.0 0.5-2.0 1.1 0.6-2.3 1.0 0.5-1.9 1.2 0.6-2.4 
University level 0.8 0.4-1.4 0.8 0.5-1.5 0.6 0.4-1.1 0.6 0.4-1.1 
Note. * Results are adjusted for all variables included in the model 
95% CI Confidence Intervals. 
4. Discussion
This population-based study shows high validity of questionnaire self-reported doctor-diagnosed incident T2DM 
in younger and middle-aged Thai adults participating in a national cohort study. Using physician interviews as the 
gold standard, 78% of self-reported diabetes cases were confirmed as having diagnosed T2DM. Accuracy of 
self-report did not vary substantially by socio-demographic characteristics in this group of adult students. The 
proportion of confirmed self-reported cases was slightly lower among the young women in this cohort, a finding 
that is mostly likely attributed to transient diabetes. These findings highlight the need for cautious interpretation of 
self-reported diabetes data from a cohort with young women who may be reporting gestational diabetes rather than 
T2DM.  
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We also found that although questionnaire self-reports slightly over-estimated the cumulative incidence of T2DM 
over one wave of data collection, the misclassification of self-report became negligible once two waves of 
self-reported data were considered. Therefore, the repeated follow-up of self-reported data essentially eliminates 
the need for further validity testing of such individuals; a common finding when using repeated measures to assess 
the validity of self-report (Barr, Herbstman, Speizer, & Camargo, 2002). 
This study has limitations that should be considered when interpreting the findings. Only 52% of the selected 
self-reported non-cases and 50% of the self-reported cases could be contacted by telephone. As such, those 
contacted may not be representative of the entire non-case and case group in the TCS and the validity of negative 
response might be lower than 100%. However, there were no significant differences in the socio-demographic 
characteristics of those interviewed and those who could not be contacted suggesting that the responses in the 
contacted group may be similar to those of the non-contactable group. 
The method used to confirm self-reports in this study was physician telephone interviews, a method that may not 
be considered ‘gold standard’. Accessing medical records, which may have been a better method of confirming 
doctor-diagnosed T2DM, was not feasible in this population due to the large-scale nature of this nationally 
dispersed cohort, and to time and cost constraints. However, the physician who conducted the interviews is an 
experienced clinician with local knowledge of diabetes diagnosis and treatment pathways so is likely to have 
elicited accurate histories of diabetes diagnoses.  
There is an additional study consideration that should be emphasized. The questions in the surveys did not 
differentiate between type 1 diabetes mellitus (T1DM), type 2 diabetes mellitus or transient (i.e. gestational or 
corticosteroid medication induced) diabetes. Therefore, it is possible that some of the self-reported incident 
diabetes cases may have had type 1 diabetes. However, this is unlikely because in this study we excluded prevalent 
(reported at baseline) cases of diabetes and the median age of this cohort was much higher than that at which 
T1DM is generally diagnosed. 
Our investigations also do not reflect the likelihood that there are undiagnosed cases in this cohort and accordingly 
a higher incidence of T2DM among TCS participants. However this is unlikely to be a major problem since the 
participants are well educated and because diabetes awareness has received a great deal of attention in Thailand 
since the implementation of the national screening program and the national health coverage scheme in the past 
decade (Aekplakorn et al., 2011; Prakongsai, Limwattananon, & Tangcharoensathien, 2009).  
The high proportion of validated self-reported cases and non-cases found in this study is similar to findings from 
studies conducted in health professional cohorts (Field et al., 2001; Hu et al., 2001) and is slightly higher than 
findings reported from two studies conducted among Asian populations (Goto et al., 2013; Wu, Li, & Ke, 2000). 
These differences might be explained by the differences in the characteristics of our study cohort, which was 
younger and/or had a higher education level than the cohorts sampled in other Asia-based studies (Goto et al., 
2013); these characteristics have been shown to be associated with a higher accuracy of self-reporting diabetes in 
some prior research (Molenaar et al., 2007; Okura et al., 2004). The association between older age and the 
inaccurate reporting of chronic diseases has been attributed to declining cognitive function (Sherbourne & 
Meredith, 1992), and/or the reluctance of the elderly to admit or perceive that they have a chronic disease 
(Kriegsman, Penninx, Van Eijk, Boeke, & Deeg, 1996). Furthermore, among some Asian immigrant groups, 
younger age has been found to be associated with higher levels of formal education (Tseng, Halperin, Ritholz, & 
Hsu, 2013). Accordingly, the association between age and the inaccurate reporting of health status may partially be 
explained by education levels (Goldman et al., 2003). The proportion of validated self-reported cases in this study 
was slightly lower than findings from one study conducted in China. This may be due to the higher prevalence of 
diabetes in their older study cohort (Yuan et al., 2015). 
Although the validity of self-reported doctor diagnosed diabetes in this study was high, these findings may be less 
applicable to the broader Thai population, which, on average, is older and has a lower education level than the Thai 
Cohort Study participants (A. C. Sleigh et al., 2008). Nonetheless, despite the differences in the cohort structures 
and gold standard methods used to validate self-reported diabetes in this study and among other validation studies, 
the general findings, from both Western populations conducted mostly with older and highly educated cohorts and 
Asian populations conducted mostly with younger and/or less educated cohorts, are that the validity of survey 
self-reported diabetes is generally high (Goldman et al., 2003; Huerta, Tormo, Egea-Caparrós, Ortolá-Devesa, & 
Navarro, 2009; Wu et al., 2000). Clearly, careful attention must be given to structuring the diagnostic questions, 
with specification of doctor-diagnosis and (if relevant) hospitalization having shown to be important for many 
diseases (Barr et al., 2002; Yuan et al., 2015). 
Our study found that personal socio-demographic characteristics were not statistically significantly associated 
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with the validity of self-reported doctor diagnosed diabetes. The lack of significant differences in accuracy of 
reporting across personal characteristics and high overall agreement between questionnaire data and physician 
telephone interviews is likely due to the medical importance of this disease (Goldman et al., 2003). Diabetes 
requires ongoing regular medical treatment and engagement with medical professionals long after its diagnosis 
(Kehoe, Wu, Leske, & Chylack, 1994; Pastorino et al., 2014). Although conditions such as hypertension share 
some of these same medical qualities, the accuracy of survey self-reported hypertension is generally lower than the 
accuracy of survey self-reported diabetes. This may be because hypertension can be a less disabling disease than 
diabetes during everyday life, people who are controlling their hypertension may think that they no longer have the 
condition and may be less likely to report it (Molenaar et al., 2007). Furthermore, hypertension is not recognized as 
a chronic disease by some ethnic groups (Goldman et al., 2003).  
Data from repeated measures showed that the proportion of confirmed survey self-reports was highest among the 
participants who self-reported the same diabetes status consistently at the two follow-up questionnaires. 
Conversely, the proportion of confirmed survey self-report was the lowest among the participants who 
self-reported incident diabetes in 2009 and subsequently self-reported not having diabetes in 2013. We found that 
over a third of these participants had transient diabetes (gestational or corticosteroid medication induced) in the 
first follow-up questionnaire and as such accurately reported not having diabetes in the second follow-up 
questionnaire. Although transient diabetes generally has a low prevalence in cohort studies, particularly in cohorts 
that are older than this one, using repeated measures was found to be a good tool for detecting the ‘true’ T2DM 
cases. Moreover, having a four year interval in between follow-ups enabled the identification of transient diabetes 
due to gestational diabetes. 
Cumulative incidence estimates calculated using the questionnaire data and the physician interview-corrected data 
demonstrate that questionnaire self-report slightly over-estimated the cumulative incidence. Although this slight 
over-estimation should be taken into account when calculating T2DM incidence and its determinants in this cohort, 
it is likely to have minimal impact on relative risk measures (Copeland, Checkoway, McMichael, & Holbrook, 
1977) (Rothman, Greenland, & Lash, 2008). 
4.1 Conclusions 
The current study demonstrates that the proportion of questionnaire self-reported doctor-diagnosed incident 
T2DM cases confirmed using physician interviews is high and that questionnaire T2DM self-report is a valid tool 
for detecting new cases of T2DM in a large Thai population-based study. These findings suggest that self-reported 
incident T2DM can be used to assess the trends and determinants of incident T2DM, particularly in younger and 
educated Thai adults.  
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4 Incidence and risk factors for T2DM in Thai adults
Chapter 4 is a peer-reviewed article that has been published in the BMJ Open. It addresses 
Objective 2: to analyse the disease (T2DM) incidence and associated risks. Longitudinal 
data from the 2005, 2009, and 2013 TCS surveys were used to assess T2DM incidence 
and its potential risk factors in participants who were diabetes free at the start of 
the observation period in 2005 and followed up over the eight years (N=39,507). 
Results demonstrate and quantify the high incidence of T2DM and identify the 
various health-risk factors driving the T2DM epidemic in the Thai population. This 
information is significant for public policy and health planning. 
Chapter 4: Incidence and risk factors for T2DM in Thai adults
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Background: Type 2 diabetes mellitus (T2DM) is
increasingly prevalent in countries undergoing rapid
development, including Thailand. We assessed T2DM
incidence over an 8-year period in a nationwide cohort
of Thai adults.
Methods: Thai Cohort Study participants were
surveyed in 2005, 2009 and 2013. The analysed cohort
members were aged (15–88), did not have diabetes in
2005 and were followed up by questionnaire in 2013
(n=39 507). T2DM was ascertained using self-report,
which has been validated using physician interviews.
We calculated the 8-year cumulative incidence of T2DM.
Multivariable logistic regression assessed associations
between potential risk factors and T2DM incidence.
Results: 8-year cumulative incidence of T2DM (2005
to 2013) was 177 per 10 000 (95% CI 164 to 190).
Crude and age-standardised cumulative incidences of
T2DM by sex were 249 per 10 000 (95% CI 226 to 272)
and 222 per 10 000 (95% CI 219 to 225) for men; and
119 per 10 000 (95% CI 105 to 133) and 96 per 10 000
(95% CI 94 to 98) for women, respectively. T2DM
increased significantly for both sexes with increasing
age and body mass index (BMI) (p trend <0.001 for
both). Residence in an urban area as a child associated
with T2DM among men and women (OR=1.4, 95% CI
1.1 to 1.7 and OR=1.4, 95% CI 1.01 to 1.79); this was
no longer statistically significant after adjusting for BMI.
Among men, smoking (OR=1.7, 95% CI 1.3 to 2.2) and
alcohol intake (OR=1.8, 95% CI 1.1 to 3.0) were
associated with T2DM.
Conclusions: This study found that the
sociodemographic and lifestyle changes that have
accompanied Thailand’s economic development are
associated with T2DM risk in a large cohort of Thai
adults. Our findings highlight the need to address these
transitions to prevent a further increase in the national
incidence of T2DM, particularly among Thai men.
BACKGROUND
Rapid economic development accompanied
by environmental, social and behavioural
change occurred in many low and
middle-income countries (LMICs) over the
past few decades. Concomitant shifts in beha-
viours1 led to a health-risk transition, includ-
ing epidemiological and health transitions,2 3
with falling infectious diseases, reduced
childhood mortality and increases in non-
communicable diseases such as type 2 dia-
betes mellitus (T2DM).4
Thailand is one such country with rapidly
emerging T2DM. Its prevalence among
adults has risen from 2.3% in 19915 to 8.0%
in 2015.6 Over 4 million Thai adults live with
diabetes, making it the top cause of
disability-adjusted life years lost for Thai
women and the seventh cause for men.7
T2DM is also an economic burden; in 2008
average annual cost per patient was US$ 881
—21% of per capita gross domestic product.8
Causes of the diabetes epidemic in indus-
trialised countries are reasonably well estab-
lished,9–11 but much less is known in LMICs
such as Thailand. In developed countries,
T2DM is inversely related with income and
education while the opposite is usually noted
when diabetes first emerges in LMICs.12 13
How environmental, social and behavioural
changes are affecting T2DM risk among
Thais is not known. The first three studies
that reported on diabetes in Thailand were
Strengths and limitations of this study
▪ This nationwide study is the largest longitudinal
study of health-risk factors and diabetes risk in
Thailand.
▪ The participants in our cohort reflect Thais well
socioeconomically and geographically.
▪ All diabetes diagnoses rely on self-report.
▪ An issue in this study is the loss to follow-up of
cohort participants over the 8-year period.
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limited in size (under 7000 participants), location
(Bangkok) or occupation (office workers, university
employees or Electric Generation Authority plant
workers).14–16 Despite the restrictions, these studies pro-
duced new knowledge for Thailand on downstream (eg,
age and body mass index (BMI)) risk factors for T2DM.
Incidence rates were estimated but upstream risks (geo-
graphical, socioeconomic) were not reported and the
studies could not investigate beyond Bangkok. Our study
was designed to fill this gap, is not geographically or
occupationally restricted and is large in size.
Accordingly, information emerging has application to
the wide population of Thailand and as well as most of
Southeast Asia.
Here we report an 8-year prospective cohort study pro-
viding nationwide data on incidence of T2DM and its
risk factors. This information should help identify pre-
vention targets and reveal the current state of the health
transition in Thai adults.
METHODS
Study population
The Thai Cohort Study (TCS) is a longitudinal study of
distance learning Open University students. It was estab-
lished to investigate how rapid socioeconomic develop-
ment is affecting health behaviours and outcomes in
Thailand—the health-risk transition.3 In 2005, a 20-page
questionnaire was mailed to all 200 000 students
enrolled at Sukothai Thammithirat Open University.
These students are generally adults of modest means
using education for self-improvement; they are embed-
ded in their communities nationwide and are expected
to experience the health-risk transition ahead of their
fellow Thais. The questionnaires were self-completed in
2005, 2009 and 2013. Items included socioeconomic,
demographic, cultural and lifestyle characteristics,
health-risk behaviours and self-reported health out-
comes including diabetes.
Ascertainment of diabetes status
At each wave of data collection, participants were classi-
fied as having diabetes if they responded positively to
the question (‘Have you ever received a confirmed diag-
nosis from a doctor that you definitely have diabetes?’).
We used telephone interviews undertaken by a prac-
ticing Thai physician to confirm the validity of a large
proportion of questionnaire-reported doctor-diagnosed
T2DM and transient diabetes. Type 2 diabetes status was
determined by the physician based on the participants’
answers to a standard interview protocol. The protocol
was developed following the American Diabetes
Association’s classification guidelines for diagnosing dia-
betes.17 The protocol included questions probing about
blood sugar testing and cut-off criteria used for diagno-
sis, treatment and names of medications prescribed by
the physician and about frequency of medical visits and
the types of tests taken during medical visits. The
validation study of these self-reported cases indicated
high accuracy (78%), particularly among those (n=148)
who reported doctor-diagnosed diabetes in 2009 and
2013 (96%) (Unpublished data).
Eligibility
Participants were included in the study if they reported
that they did not have diabetes at baseline in 2005 and if
they provided diabetes status in the 2013 questionnaire.
Excluded were those reporting diabetes at baseline
(prevalent cases), and those reporting diabetes in 2009
and then reporting no diabetes in 2013 (mostly women
with gestational diabetes).
Assessment of risk factors
We assessed health, lifestyle and sociodemographic vari-
ables reported at baseline as potential risk factors for
incident T2DM. The sociodemographic information
included age, personal monthly income, highest educa-
tion level and area of residence in childhood (urban or
rural). Health and lifestyle information included fruit,
vegetable, tobacco and alcohol consumption and weight
and height.18 For BMI, we divided weight in kilograms
by height in m2 and categorised as recommended for
Asian populations.19
Incidental exercise was measured by frequency of
‘housework or gardening’. ‘Leisure physical activity’
scored as adjusted number of sessions per week of
strenuous, moderate or mild exercise (‘2×strenuous
+moderate+mild+walking’ exercise sessions);20 21 this
weighted score was then categorised by sessions per
week (none, 1–7, 8–14, 15 or more).
Statistical analysis
Cumulative incidence
We calculated 8-year cumulative incidences of T2DM.
Denominators included all participants who recorded
no diabetes in 2005 and reported their diabetes status in
2013; numerators included those reporting having
T2DM in 2013. Eight-year cumulative incidences were
also stratified by age and sex.5 We also age-standardised
the sex-specific rates to the WHO reference population
for the year 2000.22 We estimated age of onset as base-
line age plus 2 years for those reporting T2DM in 2009
and baseline age plus 6 years for those reporting T2DM
in 2013.
Risk factors for incident T2DM
We classified risk factors to be upstream (geographical,
socioeconomic) or downstream (biomedical, personal).
These different levels are important for designing the
type of public health intervention. With T2DM as the
outcome (yes/no), we used logistic regression to esti-
mate ORs and 95% CIs for baseline risk factors.
Women in the cohort were, on average, younger than
the men with 51% of women aged <30 at baseline versus
36% of men. Owing to the different age distributions




analyses were stratified by sex and adjusted for age. We
used three models of increasing complexity. This
enabled us to assess risk factors for T2DM with and
without the impact of BMI, an important risk factor for
T2DM.23 The first model (Model 1) had eight variants.
One variant included age alone; the other seven variants
each included one other risk factor of interest. The
second model (Model 2) included all of the risk factors
except for BMI. The third model (Model 3) included all
risk factors and BMI. All analyses were carried out using
Stata (V.13.0). A two-sided significance level of 0.05 was
used.
Sensitivity analysis
We undertook two sensitivity analyses. For the first sensi-
tivity analysis, we calculated the 4-year incidence of
T2DM within each 4-year follow-up (2005 to 2009; 2009
to 2013) to determine whether the cumulative incidence
estimates derived from these two 4-year periods were
consistent with findings from the 8-year period (2005 to
2013).
In the second sensitivity analysis, we examined risk
factors associated with T2DM incidence in the first
4 years (2005 to 2009) for four different subgroups: (1)
everyone reporting incident T2DM in 2009; (2) exclud-
ing those reporting diabetes in 2009 but not in 2013;
(3) excluding those lost to follow-up in 2013 and (4)
only including those reporting T2DM in 2009 and 2013.
Risk factor patterns for the four subgroups were com-
pared with patterns for the 8-year results, assessing the
effect of selection and information bias (attrition and
misclassification).
Informed written consent was obtained from all parti-
cipants. All data were de-identified before analysis.
RESULTS
Participants
The study population included TCS members who had
been followed from 2005 to 2013, excluding 902 who
reported diabetes at baseline and 167 who reported
having diabetes in 2009 and not having diabetes in 2013,
most being young women with transient (gestational)
diabetes. Of the 39 507, the remaining cohort members
initially at risk—698 reported being diagnosed with
T2DM (figure 1).
The median (first and third quartiles) for age in years
at baseline were 38 (32, 44) for those reporting T2DM
and 31 (26, 37) for those who did not.
Cumulative incidence of T2DM from 2005 to 2013
Between 2005 and 2013, the overall T2DM cumulative
incidence was 177 per 10 000 (95% CI 164 to 190).
Corresponding crude and age-standardised cumulative
incidences by sex were respectively: for the 17 607 men,
249 per 10 000 (95% CI 226 to 272) and 222 per 10 000
(95% CI 219 to 225); for the 21 900 women, 119 per
10 000 (95% CI 105 to 133) and 96 per 10 000 (95% CI
94 to 98). Figure 2 shows the age–sex-specific cumulative
incidences of T2DM between 2005 and 2013. The inci-
dence rose with age for both sexes, almost exponentially
for men from age 50.
Risk factors for incident T2DM
Upstream risk factors
For men, high income (>20 000 Baht per month) com-
pared with low income (10 000 Baht per month or less)
and tertiary education relative to high school or less edu-
cation statistically associated with T2DM in the models
adjusted for age (Model 1) but not in the models
adjusted for other risk factors (Models 2 and 3). There
was no statistically significant association between T2DM
and either income or education for women. For both
sexes, there was a modest relationship with having lived
in an urban area between the ages of 10 and 12 in
Models 1 and 2 (Model 2:men OR=1.4, (95% CI 1.1 to
1.7); women OR=1.4, (95% CI 1.01 to 1.79)), but after
adjustment for BMI (Model 3), the magnitude of the
effect estimates for urban residence approached unity,
falling by 14% for men and 21% for women and were
no longer statistically significant (table 1).
Downstream risk factors
Infrequent gardening or housework associated with sig-
nificantly increased odds of T2DM for men in Model 1
only. In Model 2, for men and women, age was asso-
ciated with T2DM (≥50 years: OR=9.0, (95% CI 5.8 to
14.0) and OR=9.9, (95% CI 5.2 to 19.0), respectively).
Obesity (BMI>30.0 kg/m2) was associated with signifi-
cantly increased odds of T2DM incidence in men
(OR=23.1, 95% CI 16.1 to 33.0) and women (OR=28.5,
95% CI 18.7 to 43.4), respectively (Model 3). Among
men, regular alcohol intake (OR=1.8, (95% CI 1.1 to
3.0)) and current smoking (OR=1.7, (95% CI 1.3 to
2.2)) also associated with increased T2DM risk (Model
3). Addition of BMI to the models substantially attenu-
ated OR estimates for age (32% for men, 48% for
women aged ≥50 years) but had little influence on ORs
for smoking, or alcohol (table 1).
Sensitivity analysis
Incidence across the two 4-year periods was stable—104
per 10 000 (95% CI 96 to 112) (2005 to 2009) and 105
per 10 000 (95% CI 95 to 115) (2009 to 2013). The
cumulative incidence of T2DM per 10 000 in men was
approximately double that in women across the two
4-year periods (period 1:146 vs 70; period 2:146 vs 72).
The findings from the two 4-year periods are consistent
with those from the 8-year period (see online
supplement 1).
The 2005 to 2009 4-year risk factor effect estimates
were similar across the different subgroups (see
Methods). An example from findings for men is shown
in figure 3. Neither attrition nor accuracy of T2DM self-




We assessed factors associated with incidence of T2DM
over 8 years in a nationwide cohort of young and
middle-aged Thai adults. The 8-year cumulative inci-
dence of T2DM between 2005 and 2013 was 177 per
10 000 (95% CI 164 to 190). T2DM incidence was
higher among men (249 per 10 000; 95% CI 226 to 272)
than women (119 per 10 000; 95% CI 105 to 133). For
both sexes, factors most strongly associated with odds of
developing T2DM were increasing age and higher BMI.
Living in an urban area during childhood, smoking and
alcohol are associated with increased risk of T2DM
among men. However, most upstream associations atte-
nuated when BMI was added to models. Tertiary educa-
tion was associated with a small decrease in T2DM risk
among women but this was not statistically significant.
There are limitations when interpreting these find-
ings. All diabetes diagnoses used self-report so there may
be case classification error. However, a validation study
of self-reported diabetes conducted among TCS
participants indicated that accuracy of T2DM self-report
was high. Also an issue is loss to follow-up. Overall,
about 50% of the baseline cohort was retained after
8 years. A similar retention rate was noted for all values
of sex, fruit, vegetable and alcohol intake and area of
residence indicating that attrition for these variables
should not be a concern.24 However, differential attri-
tion was noted for the youngest age group, those under-
weight and those with the lowest income or lowest
education and those who reported smoking in 2005.
Differential attrition of participants who smoke might
lead to an underestimation of T2DM incidence but dif-
ferential retention of participants who are older and
have a larger body size might lead to an overestimation
of T2DM incidence. However, results in the first 4 years
(70% of baseline cohort) showed similar results to the
total 8 years giving us confidence in generalisable
findings.
This study has several strengths, including size, nation-
wide coverage and prospective longitudinal design.
However, compared with the Thai population our
cohort is younger, has higher levels of education and
includes a higher proportion of adults living in metro-
politan Bangkok.3 Incidence estimated by our study may
be higher or lower than in the general population but
the age-specific rates we report are expected to be gen-
eralisable, at least for educated groups. Furthermore,
the participants in this cohort are ideal for studying the
effects of sociodemographic change on T2DM risk since
they are Thais of modest means, embedded in geo-
graphically dispersed communities across the nation and
self-improving via education. Our population has been
most informative and clearly represents well the large
segment of the Thai population now entering the transi-
tion through a modern set of health concerns having
undergone great changes in the environment, diet and
lifestyle.3 We expect them to undergo the ‘health-risk
transition’ ahead of fellow Thais.25 26
Figure 1 Selection of study participants from the Thai Cohort Study. *Participants were selected based on self-reported
diabetes status in 2005 and available follow-up data in 2009 and 2013. The self-reported positives in 2005 were excluded
(n=902) as were those missing in 2009 and those with a missing diabetes status in their questionnaires. Eight-year cumulative
incidence was calculated with the 39 507 remaining participants in 2013.
Figure 2 Cumulative incidence of T2DM between 2005 and










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The sex and age-specific cumulative incidence of
T2DM between 2005 and 2013 was comparable with find-
ings reported by previous Thai studies.14–16 Furthermore,
our sex and age-specific estimates suggest that the inci-
dence of T2DM among Thai cohort members is higher
than Caucasian counterparts from North America27 and
Europe;28 similar to Bangladesh,29 and China;30 and
lower than Pima Indians31 and Mauritians.32 However,
direct comparisons are difficult due to differences in the
case ascertainment, attrition and population sampling.
In the TCS, increasing age and BMI were the strongest
risk factors for T2DM. Increasing age is a well-known
risk for T2DM6 19 and its effects were very apparent in
this relatively young cohort. The high rates of T2DM
incidence in our cohort members is consistent with find-
ings from studies with Asian populations that have also
shown that the risk of T2DM starts to increase at a rela-
tively low age in Asian populations.33 34 The association
with BMI is not surprising given that obesity is a well-
established cause of diabetes.10 35 Fat cells secrete hor-
mones and adipokines that can increase the risk of
diabetes through several pathways, including the
increase in insulin resistance.36 However, there are some
notable differences between our findings and those
from studies conducted in Caucasian populations. The
incidence of T2DM in those with a BMI in the range of
23–24.9 kg/m2 (healthy weight in Caucasians)37 38 was
equivalent to the incidence rate of T2DM reported at
higher BMI levels of 30.0 kg/m2 in Caucasians.19 38 Our
finding is consistent with findings from other Asian popu-
lations that have also shown that the risk of T2DM starts
to increase at relatively low levels of BMI.33 T2DM and
body size relations in Thai adults need further research.
Urbanisation accompanies socioeconomic growth in
developing countries.39 We found that living in an urban
area as a child increased risk of T2DM among men and
women in models without adjustment for BMI. Previous
reports from this cohort40 and other developing coun-
tries12 shows urbanisation is associated with reduced
physical activity, increased consumption of alcohol and
highly processed food items and a higher BMI level.
The attenuation of the association between urbanisation
and T2DM risk that we observed after the addition of
BMI to our model suggests that BMI has a major impact
on the relationship between urbanisation and T2DM.
We found a ‘developing country’ pattern of increasing
T2DM along with higher income and education for men
(but not for women) in age-only adjusted models. The
income and education effect were attenuated in the
fully adjusted model. Other LMICs have shown that
higher levels of education or socioeconomic status
(SES) have a direct relationship with T2DM risk,
whereas the opposite has been shown in developed
western countries.13 However, once a country enters an
advanced stage of economic development (equivalent
to a gross national product per capita of around US$
Figure 3 Sensitivity analysis comparing the ORs for incidence of diabetes between 2005 and 2009 according to diabetes
reporting pattern in 2009 and 2013. Models were run for 4-year cumulative incidence between 2005 and 2009 among men,
including the following participants. (A) Including all male participants followed up in 2009 (n=26 885). (B) Excluding the 107 male
participants who reported having incident diabetes in 2009 but subsequently reported not having diabetes in 2013 (n=26 778).
(C) Excluding the 7949 male participants who were lost to follow-up in 2013 (n=18 936). (D) Excluding the 7949 male participants
who were lost to follow-up in 2013 and the 107 male participants who reported having incident diabetes in 2009 but subsequently




2500), the prevalence of obesity begins to rise predomin-
antly in the group with the lowest SES and education
level13 41 42 and women are the first to manifest an
inverse relationship between SES and obesity risk.41
Similar shifts appear to be occurring in the TCS
cohort.43 Thus, our results suggest that women, at least
in this cohort, are at a more advanced stage of the
health transition. These findings highlight the need for
public health interventions to target the risk factors for
T2DM differently in men and women.
Men in this cohort are taking more health risks
(smoking, regularly consuming alcohol and being less
physically active) than the women44 and these risks link
to T2DM. Public health efforts should preserve and
encourage the low rates of alcohol consumption and
smoking in Thai women to ensure that they do not
adopt these new lifestyle behaviours, which lead to
increased weight gain, insulin resistance and poor car-
diovascular health.45 Concomitantly, the cessation of
alcohol intake and smoking should be promoted among
Thai men.
CONCLUSION
This study presents the 8-year cumulative incidence of
T2DM between 2005 and 2013 and associated risk
factors in a large cohort of Thai adults. We found that
the incidence of T2DM was higher in men and that the
lifestyle and sociodemographic changes that have accom-
panied Thailand’s socioeconomic development are asso-
ciated with T2DM risk. Thai men are likely to be in the
middle stages of the health transition while women are
more advanced. The focus of public health efforts
should be on obesity, smoking and alcohol, particularly
among men. The incidence of T2DM in Thailand is
already high and many risks are converging especially
obesity, ageing and physical inactivity. So we can expect
T2DM will increase in importance rapidly over the next
1–2 decades and our data provide useful foresight
regarding the growing impact of these changing risks.
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Supplement 1: Four-year cumulative incidence of T2DM (2005 to 2009; and 2009 to 2013) by sex and age 
* Based on age in 2005
** Based on age in 2009


















Per 10,000 95% CI 
Men <30 39 10,463 37 25-49 <30 14 3,113 45 21-69
30-39 135 10,149 133 111-155 30-39 74 7,509 99 77-121
40-49 148 5,095 290 244-336 40-49 104 5,031 207 168-246
>50 71 1,178 602 466-738 >50 63 1,771 356 270-442
Overall 393 26,885 146 132-160 Overall 255 17,424 146 128-164
Women <30 64 18,115 35 26-44 <30 18 6,515 28 15-41
30-39 87 10,564 82 65-99 30-39 57 9,469 60 44-76
40-49 64 3,788 169 128-210 40-49 58 4,879 119 89-149
>50 15 483 311 156-466 >50 23 933 247 147-347
Overall 230 32,950 70 61-79 Overall 156 21,796 72 61-83
Total <30 103 28,578 36 29-43 <30 32 9,628 33 22-44
30-39 222 20,713 107 93-121 30-39 131 16,978 77 64-90
40-49 212 8,883 239 207-271 40-49 162 9,910 163 138-188
>50 86 1,661 518 411-625 >50 86 2,704 318 252-384
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5 Sugar-sweetened beverage and T2DM risk in Thai adults
Chapter 5 is a peer-reviewed article that has been published in Nutrition & Diabetes. It 
addresses Objective 3: to assess the direct and obesity-mediated diabetes effects of sugar-
sweetened beverages. Longitudinal TCS data from the 2005, 2009, and 2013 surveys 
were used to assess direct and obesity-mediated associations between SSB consumption 
in 2005 and T2DM outcome in 2013. Participants were those who were diabetes free in 
2005, consumed SSBs in 2005, and were followed up over the eight-year period 
(N=39,175). Results reported here demonstrate that SSB consumption increases T2DM 
risk in Thai adults independently of weight gain and obesity.  This information provides 
local evidence that SSBs are an ideal target for public health interventions and guides 
public health efforts aimed at preventing increasing T2DM incidence in Southeast Asian 
populations.  





Consumption of sugar-sweetened beverages and type 2
diabetes incidence in Thai adults: results from an 8-year
prospective study
K Papier1,2, C D’Este1, C Bain1,2, C Banwell1, S Seubsman3, A Sleigh1 and S Jordan2,4
BACKGROUND: The global prevalence of type 2 diabetes mellitus (T2DM) is high and is increasing in countries undergoing rapid
socio-economic development, including Thailand. Sugar-sweetened beverage (SSB) intake may contribute to the risk of developing
T2DM. However, few studies have assessed this association in Asian populations, and the results have been inconsistent. We aimed
to assess that association in a prospective study of Thai adults.
METHODS: Data were from Thai Cohort Study participants surveyed in 2005, 2009 and 2013. The nation-wide sample included
adult cohort members who were free of diabetes in 2005 and who were followed-up in 2013 (n= 39 175). We used multivariable
logistic regression to assess associations between SSB intake and eight-year T2DM incidence. We used a counterfactual mediation
analysis to explore potential mediation of the SSB intake and T2DM-risk relationship.
RESULTS: In women (but not men) consuming SSBs once or more per day (versus rarely) was associated with increased T2DM
incidence at the 8-year follow-up (odds ratio (OR) = 2.4, 95% confidence interval (CI) 1.5–3.9). Obesity in 2009 was found to mediate
~ 23% of the total association between SSB intake in 2005 and T2DM risk in 2013 (natural indirect effect 1.15, 95% CI (1.02, 1.31).
CONCLUSIONS: Frequent SSB consumption associated with higher T2DM incidence in women but not men. We found that a
moderate proportion of the SSB-T2DM relationship was mediated through body mass index (BMI). Our findings suggest that
targeting SSB consumption can help prevent a national rise in the incidence of T2DM.
Nutrition & Diabetes (2017) 7, e283; doi:10.1038/nutd.2017.27; published online 19 June 2017
INTRODUCTION
Many low and middle income countries (LMICs) have experienced
considerable social and economic development in recent decades
inducing a ‘health-risk transition’ characterized by changes in
environment, health behaviour and emergence of non-commu-
nicable diseases such as type 2 diabetes mellitus (T2DM).1,2
Thailand is one such country that has experienced an increase in
T2DM prevalence from 2.3% in1991(ref. 3) to 8.0% in 2015.2
Increasing sugar consumption in Thailand may relate to
increased T2DM. Between 1983 and 2009 sugar consumption
jumped from 12.7 to 31.2 kg per person per year,4 much in
carbonated soft drinks.5 The 2009 National Health Examination
Survey (NHES) shows that frequency of approximately daily intake
of carbonated soft drinks doubled (from 7.9 to 416%) among
Thais aged 15 years or older since 2003.6
Sugar-sweetened beverage (SSB) consumption, which includes
sweetened carbonated soft drinks, has been linked to increased
T2DM risk in African and Caucasian populations,7–9 with some
research suggesting the association is mostly mediated by
increasing body mass index (BMI).10,11 There are limited and
inconsistent data on SSB consumption and T2DM risk among
Asian populations.12–14
SSBs are an ideal target for public health interventions to help
control the T2DM epidemic since they have no nutritional value,
are not rooted in Thai culinary culture, and do not protect against
disease.15 Furthermore, past performance of the Thai government
in banning tobacco promotion suggests that parallel approaches
to controlling SSBs would be possible.16 The aims of this study
were to clarify the association between SSB consumption and
T2DM risk over an 8-year period and whether they are mediated




The Thai Cohort Study (TCS) is a prospective study of 87 151 Thai adults
enrolled at Sukothai Thammithirat Open University (STOU), established to
examine the ‘health-risk transition’ in Thailand.17 In 2005 all 200 000
students enrolled at STOU were mailed a questionnaire covering socio-
demographic, health and lifestyle factors, and health outcomes (including
diabetes). Overall 87 151 (44%) students returned the completed ques-
tionnaires forming the baseline cohort. Follow-up questionnaires were sent
in 2009 and 2013 and respectively 60 569 (70% response rate) and 42 785
(71% of 2009 participants) were returned.
Eligibility. Participants were eligible for this study if they reported that
they did not have diabetes at baseline, had a valid SSB intake response in
2005, and provided a diabetes status in 2009 and/or 2013.
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Assessment of T2DM status. Participants were classified as having diabetes
if they responded positively to the question ‘Have you ever received a
confirmed diagnosis from a doctor that you definitely have diabetes?’ by
2013. A validation study of self-reported diabetes conducted among TCS
participants indicated that the accuracy of diabetes self-report was high
(82%).18
Assessment of SSB intake. In each questionnaire participants were asked
about their SSB consumption. In Thai, this translated to any carbonated
sweetened beverage or soda and did not distinguish between regular and
diet soda intakes. However, for consistency with previous TCS work19 and
the literature, we use the term SSBs throughout. SSB consumption at
baseline was reported in categories and classified as: o1 weekly, 1 to 6
per week, or ⩾ 1 per day.
Assessment of covariates. Questionnaire items included sociodemo-
graphic characteristics: age, income, education level, and area of residence
(urban/rural); lifestyle factors: smoking (never smoked, ex-smoker and
current smoker) and alcohol consumption (never, ex-drinker, occasional/
social drinker and regular drinker); fruit and vegetable consumption
(categorized as o2 or ⩾ 2 serves/per day), and consumption of deep-fried
food (o3 × per month, 1–6 per week, 1+ per day). Leisure physical
activity, reported as number of sessions per week of strenuous, moderate
or mild exercise, was weighted (‘2 × strenuous+moderate+mild+walking’
exercise sessions)20 and categorized by sessions per week (none, 1–7,
8–14, 15 or more).21 Participants also reported height and weight. Body
mass index (BMI—weight in kg divided by height in m2) was categorized
as recommended for Asian populations.22 The questionnaires also asked
about health conditions.
Statistical analysis
Since some diabetes risk factors may be sex-specific, we conducted all
analyses separately for men and women.12 Baseline characteristics of
eligible participants were compared across the groups of SSB
consumption.
We used logistic regression to assess the association between baseline
SSB consumption and development of T2DM by 2013. We estimated age-
adjusted odds ratios (OR) and 95% confidence intervals (CI) (model 1) and
then selected variables to include in the fully-adjusted model using
directed acyclic graphs (DAGs), based on the previous work with this
cohort. These included age, area of residence, education, income, physical
activity, consumption of fruit/vegetables, deep-fried food and alcohol,
smoking, hypertension at baseline, and baseline BMI (model 2) (shown to
be related to SSBs in our data19). We also assessed whether other variables
potentially associated with an unhealthy lifestyle, (including western-style
fast food intake, screen time, and other forms of sedentary behaviour)
confounded that SSB-T2DM association. We found that inclusion of these
factors in our models did not confound the association between SSB intake
and T2DM incidence and therefore did not include these variables in our
final analyses.
As it has been suggested that the relationship between SSB consump-
tion and T2DM risk could vary by age and BMI23 we stratified the models
by baseline BMI (o25 versus ⩾ 25 kg m− 2) and age (o40 versus ⩾ 40
years). We also added the interaction terms of interest (SSB intake × age or
SSB intake×BMI) to the main model.
We calculated population attributable fractions separately for men and
women using the standard formula PAF= [(Incidence in total population−
Incidence in unexposed)/Incidence in total population] × 100 to determine
the proportion of T2DM in the population that could have been prevented
if no-one had consumed SSBs daily. We used SSB intake at baseline as our
exposure measure and calculated cumulative incidence by dividing the
new cases of T2DM between 2005 and 2013 by those at risk in 2005.24 We
then multiplied the sex-specific 8-year cumulative incidence and the PAFs
from our study by the total number of men and women in the national
Thai population and divided by eight to estimate the number of T2DM
cases in the national Thai population that might have been prevented
annually if daily SSB consumption was avoided.
Mediation of incident T2DM in 2013 by obesity in 2009. We conducted
mediation analyses to assess the extent to which obesity in 2009 mediated
the effect of SSB intake in 2005 on T2DM risk in 2013.10,11 For direct
comparison with previous studies we estimated the ORs and 95% CI,
adjusting for covariates from the main regression model with and without
BMI in 2009. To avoid mediator-outcome confounding25 we excluded
participants who reported incident T2DM in 2009 from these analyses.
We also ran a counterfactual-based mediation analysis using Stata
PARAMED,26 which compares two regression models: the first model
regresses the outcome (T2DM incidence) on the main exposure (SSB
intake), the proposed mediator (obesity) and specified covariates; the
second model regresses the proposed mediator (obesity) on the exposure
variable (SSB intake) and specified covariates.25
The mediation analysis was carried out using logistic regression since
the outcome (T2DM in 2013) is binary. We dichotomized SSB intake in 2005
(main exposure) into daily intake (1+ per day) versus non-daily intake, and
BMI in 2009 (our proposed mediator) into ⩾ 25 versus o25 kg m2.
Covariates from the main logistic regression models were included, and an
exposure mediator interaction to account for any interaction effect.25
We estimated the natural direct effect of SSB intake on T2DM risk and
the natural indirect effect of SSB intake on T2DM risk mediated by obesity
by fitting two logistic regression models; one for T2DM, conditional on SSB
intake, BMI in 2009, SSB-obesity interaction, and relevant confounders; and
one for obesity in 2009, conditional on SSB intake and relevant
confounders. Using these two regression models we then derived the
ORs for the natural direct effect of SSB intake on T2DM risk (Figures 1a–c)
and the natural indirect effect mediated by obesity in 2009 (Figures 1a–c).
The total effect was derived from the product of the natural direct and
indirect effect. We also divided the natural logarithm of the natural indirect
effect by the natural logarithm of the total effect to determine the
proportion of the total association between SSB intake in 2005 and T2DM
risk in 2013 mediated by obesity in 2009.
Sensitivity analysis
It has been suggested that measures of central adiposity (including waist
circumference and waist-to-height ratio) may be more informative for
assessing the impact of obesity on cardio-metabolic diseases like
diabetes in Asian populations.27,28 Therefore, we conducted analyses to
assess mediation of the SSB-T2DM association by each of: a) 2005–2009
weight gain; b) 2009 waist circumference;c) 2009 waist-to-height ratio;
and d) various binary BMI cut-points (overweight (⩾ 23 versus o23 kg m2),
obese I (⩾ 25 versus o25 kg m2), and obese II (⩾ 30 versus o30 kg m2)).
We also examined the association between SSB intake at baseline and
the development of incident T2DM reported in 2009 to enable
investigation of effects of attrition between 2009 and 2013.
All analyses were carried out using Stata (version 13.0, Australian
National University, Canberra, ACT, Australia). All statistical tests were two-
sided.
Ethical approval for the study was obtained from STOU Research and
Development Institute (protocol 0522/10) and the Australian National
University Human Research Ethics Committee (protocols 2004/344, 2009-
/570). All participants gave informed written consent and data were
de-identified before analysis.
Figure 1. Mediation analysis investigating the association between
SSB intake and T2DM incidence in 2013 mediated by obesity in 2009
in female TCS participants. Adjusted for baseline age, residence,
education, income, leisure physical activity, smoking and drinking
status, consumption of fruits and vegetables, consumption of deep
fried food, and hypertension. NDE, natural direct effect; NIE, natural
indirect effect; SSB, sugar-sweetened beverages; TE, total effect
T2DM, type 2 diabetes mellitus.
Incidence of T2DM from sugar-sweetened beverages
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Data access
Data are available through a data access agreement. All data access
enquiries should be forwarded to Professor Adrian Sleigh and Associate
Professor Sam-ang Seubsman (Principle investigators for the Thai Cohort
Study).
Code availability
The programming code is available from KP.
RESULTS
Of the 87 151 initial TCS participants, 775 did not have valid SSB
data and 902 reported diabetes at baseline so were excluded. Of
the remainder, 39 175 were followed-up in 2013 of whom 695
reported a new diagnosis of diabetes.
The characteristics of all TCS participants by sex and baseline
SSB consumption are shown in Table 1. Men consumed SSBs more
frequently than women (Po0.001). The median (first, third
quartiles) age of participants who consumed SSBs more than
daily at baseline was 28 (24, 34) among men and 25 (22, 30)
among women; SSB consumption decreased with age in both
sexes (P-trend o0.001). Frequent SSB consumption was more
prevalent among those who: lived in urban areas; had lower
education levels; earned a lower income; smoked; drank alcohol
regularly; frequently consumed deep-fried food; consumed otwo
serves of fruits and vegetables per day; or exercised ⩽daily (all
Po0.001). At baseline, men who rarely consumed SSBs were more
likely to be obese (Po0.001).
After adjusting for confounders (Table 2, model 2), baseline SSB
intake was associated with an increased odds of T2DM in 2013
among women but not men. Among women, both moderate and
high SSB intakes were associated with increased odds in 2013
(OR= 1.6, 95% CI 1.2–2.1 and OR= 2.4, 95% CI 1.5-3.9 respectively).
There was no evidence that the SSB-T2DM association was
modified by age or BMI in either men or women.
We estimated that ~ 1% of T2DM in men and ~ 5% in women
could be attributed to daily SSB consumption. Assuming a causal
SSB intake-T2DM association, ~ 1500 T2DM cases in men and 2700
in women per year may have been prevented in the national Thai
population if daily SSB consumption was avoided.
Table 1. Baseline SSB consumption by sociodemographic and behavioural characteristics of eligible participants in the Thai Cohort Studya
Characteristics SSB consumption N= 85 474a P-valueb
Rarely (N=44 784) n (%)c 1–6 per week (N= 34 113) n (%) ⩾ 1 a day (n= 6577) n (%)
Men at risk in 2005 17 805 (46) 17 657 (46) 3013 (8.0) o0.001d
Median age (1st, 3rd quartile) 33 (27–40) 29 (25–35) 28 (24–34) o0.001c
Obese (⩾ 25.00 kg m− 2) 4197 (24) 3616 (21) 621 (21) o0.001
4High school qualification 8179 (46) 7863 (45) 1183 (39) o0.001
Urban residence 8422 (48) 8918 (51) 1832 (61) o0.001
Income ⩾ 10,001 baht per month 7924 (46) 6527 (38) 1026 (35) o0.001
Regular/social drinkers 13 414 (76) 14 106 (81) 2261 (76) o0.001
Current smokers 3240 (19) 3857 (23) 788 (28) o0.001
⩾ 2 serves fruits/veg per day 16 425 (96) 16 533 (97) 2695 (95) o0.001
Deep-fried food eaten ⩾ 1 per day 1917 (11) 2870 (16) 1148 (38) o0.001
Physical activity (⩾ 8 per week) 11 073 (68) 11 452 (70) 1847 (67) o0.001
Women at risk in 2005 26 977 (57) 16 455 (35) 3564 (8.0) o0.001d
Median age (1st, 3rd quartile) 28 (24–35) 26 (23–31) 25 (22–30) o0.001c
Obese (⩾ 25.00 kg m− 2) 2613 (10) 1582 (10) 382 (11) 0.108
4High school qualification 15 390 (57) 9325 (57) 1761 (50) o0.001
Urban residence 13 991 (52) 8601 (53) 2100 (59) o0.001
Income ⩾ 10,001 baht per month 8246 (31) 4143 (26) 814 (23) o0.001
Regular/social drinkers 13 268 (50) 9422 (58) 2069 (59) o0.001
Current smokers 212 (1.0) 171 (1.0) 83 (2.0) o0.001
⩾ 2 serves fruits/veg per day 25 696 (98) 15 557 (98) 3275 (97) o0.001
Deep-fried food eaten ⩾ 1 per day 3153 (12) 2754 (17) 1225 (34) o0.001
Physical activity (⩾ 8 per week) 12 643 (51) 7198 (47) 1486 (45) o0.001
Abbreviation: SSB, sugar-sweetened beverages. aEligible participants at baseline did not have T2DM (n= 902) and were not missing SSB data (n= 775). Note for
each tabulated characteristic the numbers vary a little due to missing data. bχ2 comparing baseline characteristics among participants by SSB consumption.
cnumber (%) in each category. For median age numbers in brackets are first and third quartiles and the final column records p-trend. dχ2 comparing SSB
consumption by sex.
Table 2. Associations between SSB intake in 2005 and incidence of
T2DM between 2005 and 2013 by sex
SSB intake at baseline
in 2005









Rarely 236/8860 1 1
1–6 times per wk 168/7516 1.1 (0.9–1.3) 1.0 (0.8–1.2)
⩾ 1 per day 33/1083 1.6 (1.1–2.3) 1.3 (0.9–2.1)
P trend 0.04 0.55
Women
Rarely 142/13 291 1 1
1–6 times per wk 88/7133 1.5 (1.1–2.0) 1.6 (1.2–2.1)
⩾ 1 per day 28/1292 2.8 (1.8–4.2) 2.4 (1.5–3.9)
P trend o0.001 o0.001
Abbreviations: BMI, body mass index; wk, week. Model 1: Age adjusted.
Model 2: Adjusted for age, residence, education, income, physical activity,
smoking and drinking status, consumption of fruits and vegetables,
consumption of deep fried food, hypertension at baseline, and
baseline BMI.
Incidence of T2DM from sugar-sweetened beverages
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Mediation of incident T2DM in 2013 by obesity in 2009
Results from the logistic regression showed that amongst women,
adjusting for BMI in 2009 slightly attenuated the associations
between SSB consumption and development of T2DM in 2013
(unadjusted for BMI in 2009: OR= 1.6, 95% CI 1.1–2.3 and OR= 2.6,
95% CI 1.4–4.8 versus adjusted for BMI in 2009: OR= 1.5, 95% CI
1.0-2.3 (6% attenuation) and OR= 1.9, 95% CI 1.0–3.7 (27%
attenuation), respectively; Supplementary Information).
In our counterfactual mediation analysis, the estimate for the
natural indirect effect of SSB intake in 2005 on T2DM risk in 2013
was 1.15, 95% CI (1.02, 1.31), suggesting that 23% of the total
association between 2005 SSB intake and T2DM risk in 2013 was
mediated by obesity in 2009 (Figure 1).
Sensitivity analyses. Sensitivity analyses indicated that weight
gain, waist circumference and waist-to-height ratio in 2009, as
other measures of body fatness, were all mediators of the total
effect of SSB intake in 2005 on T2DM risk in 2013 (Table 3). The
proportions of the total effect of SSB intake on T2DM risk in 2013
mediated by these measures (2.9 to 32.9%) were similar to the
proportion mediated by obesity. Using different cut-points of BMI
gave mediated proportions ranging between 6.6 and 38.4%.
Results in Table 3 show that for all of the investigated mediators,
the proportion mediated by each of these measures increased as
the cut off criteria for obesity increased.
The association between 2005 SSB consumption and risk of
incident T2DM in 2009 was very similar to the association with risk
of T2DM in 2013 (OR= 1.6, 95% CI 1.2–2.2 and OR= 2.2, 95% CI
1.3–3.6 respectively) among women suggesting that attrition
between 2009 and 2013 is unlikely to have substantially
influenced estimates.
DISCUSSION
In this prospective cohort of Thai adults we found that in women,
SSB consumption was associated with increased odds of T2DM
and this increased with more frequent consumption. We found
that a moderate proportion of the SSB-T2DM relationship was
mediated through BMI (23%) and that the proportion mediated
increased with increasing BMI.
Potential limitations need to be considered when interpreting
our findings. We had no information on consumption of non-
carbonated sweetened beverages (that is, juices), nor did the
questionnaire differentiate between sugar-sweetened and artifi-
cially sweetened beverages. The resultant misclassification is likely
to have attenuated the relation between SSB intake and T2DM risk
in this cohort (assuming a smaller association between artificially
sweetened beverages and T2DM risk than SSBs). We also
ascertained diabetes diagnoses through self-report, thus there
will be some error in our classification of cases. However, a
validation sub-study previously conducted amongst a sample of
TCS participants indicated high accuracy of T2DM self-report,
particularly among those who reported diabetes in both 2009 and
2013 (96%).18 Thus, misclassification of diabetes status is unlikely
to have materially altered our estimates.
There is an additional study consideration that should be
emphasized. SSB consumption may be a possible marker of an
overall unhealthy lifestyle. Therefore, although the casual logic
linking SSB intake to diabetes risk is strong, it is possible that some
of the effect in our study is due to unmeasured confounding by
other factors associated with an unhealthy lifestyle. We had
insufficient food frequency information to estimate the contribu-
tion of SSBs to total energy intake. However, other studies found
that adjusting for energy did not negate the positive association
between SSB intake and risk of T2DM.29–31 Loss to follow-up was
substantial with ~ 50% of the baseline cohort retained after eight
years. For most variables, baseline distributions did not vary
between participants who remained in the study and those not
followed-up after 8 years. For some variables (regular SSB
consumers, younger participants, and those underweight), rates
of attrition were slightly higher. Given the evidence that these
variables influence the risk of diabetes in this cohort, the higher
attrition may have altered the SSB-T2DM effect estimation.
However, the SSB-T2DM associations observed using only the
2009 incidence data (70% of baseline cohort) were similar
suggesting such bias is likely to be minimal.
Our finding of an association between consumption of SSBs and
increased risk of T2DM in women is consistent with findings
from most studies in African,10 Caucasian10,11,32,33 and Asian
populations.12 One previous study found no association between
SSB consumption and T2DM risk for men or women, although age
differences may explain this; SSB consumption is more common in
younger adults,7 and the mean age of the Atherosclerosis Risk in
Table 3. Mediation analysis investigating the association between SSB intake and T2DM incidence in 2013 mediated by various measures of
adiposity in 2009 in female TCS participants







Body mass index (BMI/m2)
BMI–overweight (23 kg m− 2) 1.74 (0.93–3.26) 1.04 (0.95–1.15) 1.81 (0.96–3.42) 6.6
BMI–obese I (25 kg m− 2) 1.58 (0.83–2.98) 1.15 (1.02–1.31) 1.82 (0.95–3.47) 23.3
BMI–obese II (30 kg m− 2) 1.50 (0.77–2.93) 1.29 (1.04–1.61) 1.94 (0.98–3.84) 38.4
Weight gain (2005-2009)
Gained 5 kg or more 1.95 (1.05–3.61) 1.02 (0.97–1.08) 1.99 (1.07–3.69) 2.9
Gained 10 kg or more 1.91 (1.03–3.56) 1.03 (0.96–1.11) 1.98 (1.06–3.67) 4.3
Waist Circumference
80 centimetres or over 1.62 (0.82–3.21) 1.07 (0.98–1.18) 1.74 (0.88–3.46) 12.2
85 centimetres or over 1.43 (0.84–4.06) 1.19 (1.03–1.38) 1.71 (0.85–3.44) 32.4
Waist-to-height ratio
0.5 or over 1.43 (0.70–2.93) 1.09 (0.97–1.21) 1.56 (0.76–3.20) 19.4
0.6 or over 1.34 (0.63–2.88) 1.16 (0.96–1.42) 1.57 (0.76–3.27) 32.9
Adjusted for baseline age, residence, education, income, leisure physical activity, smoking and drinking status, consumption of fruits and vegetables,
consumption of deep fried food, and hypertension. *Proportion mediation= log(ORNIE)/log(ORTE) ×100% where NIE represents the natural indirect effect and
TE represents the total effect.
Incidence of T2DM from sugar-sweetened beverages
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Communities Study participants at baseline was 53.6(ref. 23)
compared to 30.5 in our cohort.
A partial explanation for the sex specificity of the association
may relate to energy requirements. Women generally have lower
muscle mass than men hence lower metabolic energy needs34 so
similar SSB intake would contribute a larger proportion of total
energy intake.12 It may be that an association in men is only
apparent at higher consumption levels than we observed here.
Some studies found a relationship only in non-obese
individuals.10–12,32,33 We did not find effect-modification by
obesity in this population. However, the prevalence of daily SSB
consumption and obesity among these women was low and we
may have lacked the statistical power to detect effect-modification
by obesity in this cohort.
In keeping with previous studies, our results suggest that a
moderate proportion of the SSB-T2DM relationship was mediated
through BMI.14,31,33 The proportion mediated through BMI
increased with increasing obesity cutoffs, possibly reflecting the
increasing T2DM risk with increasing BMI22,35 or it may be that
more obese participants were regularly drinking larger amounts of
SSB. Most studies have investigated mediation by adjusting for
BMI (the mediator) and assessing the change in the magnitude of
the association. This approach can produce bias due to
unmeasured mediator-outcome confounding or interaction
between the exposure and mediator (SSB intake and BMI).36 Here
we assessed mediation using both a counter-factual mediation
analysis and by adjusting for BMI in a standard regression model.
Results were very similar using both approaches suggesting that
unmeasured mediator-outcome confounding or interaction
between the exposure and mediator are minimal for this
association.
We had expected that a large proportion of the association
between SSB intake and T2DM would be mediated by weight gain
or obesity because SSBs can stimulate intake of other high
glycaemic foods37,38 leading to higher total caloric intake.37,39,40
However, regular SSB consumption may increase T2DM risk
through mechanisms independent of weight gain or obesity. For
instance, high glycaemic loads from SSBs lead to repeated high
insulin demand, which can contribute to compromised beta (β)
cell function.38 This may be particularly problematic in low and
middle-income country Asian adults who may have experienced
intrauterine or early childhood under-nutrition. This can lead to
the under-development of β cell mass and an increased risk of
T2DM later in life41 independent of weight gain, especially with
exposure to energy-dense foods like SSBs.42,43
CONCLUSION
The findings from this cohort suggest that at this point of the Thai
health-risk transition SSB intake is increasing the risk of T2DM in
women. As SSBs have no nutritional value and do not protect
against disease they are an ideal target for public health efforts
aimed at preventing increasing national T2DM incidence. Redu-
cing the incidence and prevalence of T2DM in Thailand will
require a multi-faceted approach. Targeting SSBs could serve as
one focal point to prevent a national rise in the incidence
of T2DM.
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Model 1-Age adjusted 
Model 2-Adjusted for age, residence, education, income, physical activity, smoking and drinking status, 
consumption of fruits and vegetables, consumption of deep fried food,  hypertension at baseline 
Model 3-Adjusted for age, residence, education, income, physical activity, smoking and drinking status, 
consumption of fruits and vegetables, consumption of deep fried food,  hypertension at baseline, and BMI 
in 2009 
Supplement 1: Associations between SSB intake in 2005 and incidence of T2DM in 2013 by sex 
Odds Ratios (ORs) and 95% Confidence Intervals (CI) 
SSB intake at 
baseline in 
2005 
Cases in 2013/ 








Rarely 138/8,762 1 1 
1-6 times/wk 98/7,446 1.1(0.8-1.4) 1.0(0.7-1.3) 0.9(0.7-1.3) 
>1 per day 18/1,068 1.4(0.9-2.4) 1.0(0.6-1.9) 1.1(0.6-2.0) 
P trend 0.24 0.95 0.85 
Women 
Rarely 88/13,237 1 1 
1-6 times/wk 50/7,095 1.3(0.9-1.9) 1.6(1.1-2.3) 1.5(1.0-2.3) 
>1 per day 16/1,280 2.4(1.4-4.2) 2.6(1.4-4.8) 1.9(1.0-3.7) 
P trend <0.01 <0.01 0.01 
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6 BMI and T2DM risk: defining thresholds and population 
impacts 
Chapter 6 is a peer-reviewed article that has been published in the BMC Public Health. It 
addresses Objective 4: to investigate the relationship between BMI and T2DM, and 
calculate population attributable risk. Longitudinal data from the 2005, 2009, and 2013 
TCS surveys were used to reveal the sex-specific BMI thresholds associated with 
increased T2DM risk and to calculate the proportion of T2DM cases attributable to 
overweight and obesity in 2013. Participants were those who were diabetes free in 2005, 
had valid BMI data in 2005, and followed up over the eight-year period (N=39,021). 
Results demonstrated that a BMI cut-point of 22kg/m2 could be justified for defining 
T2DM risk in Thai adults. As well, lowering obesity prevalence would greatly reduce 
T2DM incidence. These findings can help guide public health action and response. 
Chapter 6: BMI and T2DM risk: defining thresholds and population impacts
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Body mass index and type 2 diabetes in
Thai adults: defining risk thresholds and
population impacts
Keren Papier1,2,5* , Catherine D’Este1, Chris Bain1,2, Cathy Banwell1, Sam-ang Seubsman3, Adrian Sleigh1
and Susan Jordan2,4
Abstract
Background: Body mass index (BMI) cut-off values (>25 and >30) that predict diabetes risk have been well validated
in Caucasian populations but less so in Asian populations. We aimed to determine the BMI threshold associated with
increased type 2 diabetes (T2DM) risk and to calculate the proportion of T2DM cases attributable to overweight and
obesity in the Thai population.
Methods: Participants were those from the Thai Cohort Study who were diabetes-free in 2005 and were followed-up in
2009 and 2013 (n = 39,021). We used multivariable logistic regression to estimate odds ratios (ORs) and 95% confidence
intervals (CIs) for the BMI-T2DM association. We modelled non-linear associations using restricted cubic splines. We
estimated population attributable fractions (PAF) and the number of T2DM incident cases attributed to overweight and
obesity. We also calculated the impact of reducing the prevalence of overweight and obesity on T2DM incidence in the
Thai population.
Results: Non-linear modelling indicated that the points of inflection where the BMI-T2DM association became statistically
significant compared to a reference of 20.00 kg/m2 were 21.60 (OR = 1.27, 95% CI 1.00–1.61) and 20.03 (OR = 1.02, 95% CI
1.02–1.03) for men and women, respectively. Approximately two-thirds of T2DM cases in Thai adults could be attributed
to overweight and obesity. Annually, if prevalent obesity was 5% lower, ~13,000 cases of T2DM might be prevented in
the Thai population.
Conclusions: A BMI cut-point of 22 kg/m2, one point lower than the current 23 kg/m2, would be justified for defining
T2DM risk in Thai adults. Lowering obesity prevalence would greatly reduce T2DM incidence.
Keywords: Body mass index, Diabetes, Cut-points, Population attributable fraction, Asian cohort
Background
In recent decades, many low and middle-income countries
(LMICs) have achieved substantial economic growth and
this has led to increased urbanization, the adoption of new
health behaviours (e.g. smoking and a ‘western’ diet), and
an epidemiological shift from infectious diseases towards
non-communicable diseases including type 2 diabetes
mellitus (T2DM). These changes in health-risk behaviours,
environment, and health outcomes, termed the ‘health-risk
transition’, have been occurring in Thailand and T2DM
now affects over four million adults [1].
Overweight and obesity significantly increase the risk
of T2DM [2, 3] and their prevalence is increasing in
Thailand [4]. Of concern, the association between body
mass index (BMI) and T2DM risk is modified by ethni-
city, with Asian populations having an increased risk of
T2DM at BMI levels considered to be in the healthy
weight range for Caucasian populations (<25 kg/m2) [5].
Accordingly, in 2000 the World Health Organization
(WHO) recommended that lower BMI cut-off points
should be used to define overweight (23- < 25 kg/m2)
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and obesity (>25 kg/m2) in Asian populations [6]. These
recommendations were based on the few prevalence
studies at the time [7–10]. In 2004, the WHO released
an additional statement indicating that a range of BMI
cut-off points may be necessary for guiding public health
action in different Asian populations since the available
data were inconsistent [11].
Since publication of these two recommendations, many
studies assessed the validity of lower Asian-specific BMI
cut-points for assessing diabetes, cardiovascular and mor-
tality risk. Results were inconclusive, potentially due to
confounders or exclusion of women [12], cross-sectional
design [5, 13–15] or small samples of Asian participants
[5, 16]. The prevalence of overweight and obesity are pro-
jected to continue to rise in Thailand. Understanding the
optimal Southeast Asian BMI cut-off values associated
with T2DM risk and the contribution of excess weight to
the development of T2DM will have major implications
for public health planning in Thailand. Therefore we ex-
amined the BMI threshold associated with T2DM risk in a
large prospective cohort of adult Thais. We also estimated
population attributable fractions and number of T2DM
cases attributable to overweight and obesity in Thailand.
Methods
Study population
The Thai Cohort Study (TCS), is a nation-wide prospect-
ive investigation of the evolving ‘health-risk transition’ in
Thailand [17]. TCS members (N = 87,151) were distance-
learning students enrolled at Sukhothai Thammithirat
Open University (STOU) who completed the baseline
questionnaire in 2005 (44% of the total STOU student
body). Follow-up questionnaires sent out in 2009 and
2013 were completed by 70% (n = 60,569) and 49%
(n = 42,785) respectively of the original baseline cohort.
The questionnaires collected information on a wide-range
of topics including socio-demographic, health and lifestyle
factors, and health outcomes (including diabetes).
Eligibility
Participants were eligible for this analysis if at baseline
(2005) they reported not having diabetes and had a valid
BMI (greater than 12.0), and provided a diabetes status
in 2013.
T2DM Status
Participants were classified as having diabetes if they
responded positively to the question “Have you ever re-
ceived a confirmed diagnosis from a doctor that you defin-
itely have diabetes?” by 2013. A validation study of self-
reported diabetes among TCS participants, undertaken by
a practicing Thai physician, indicated that the accuracy of
diabetes self-report was high (82%), particularly among
those who reported doctor-diagnosed diabetes in both
2009 and 2013 (96%) [18].
Body mass index
BMI was calculated using self-reported weight and height
at baseline (Weight (kg)/ Height (meters2)). A validation
study indicated that these measures were accurate and re-
liable [19]. BMI was analysed as both a continuous and
categorical variable. For the categorical variable, we cre-
ated 8 categories (<18.5, 18.5 ≥ to <20.75, 20.75 ≥ to <23,
23 ≥ to <25, 25 ≥ to <27.5, 27.5 ≥ to <30, ≥ 30 to < 32.5,
and ≥32.5) based on the 2000 International Task Force
(ITF) [6] and the 2004 WHO [11] recommendations. To
allow for finer grading of T2DM risk at lower BMI levels,
we created two additional categories between 18.5 and
23.0 [5]. We combined the two highest categories into one
because these groups were small.
Covariates
Potential confounders from the baseline questionnaire in-
cluded socio-economic characteristics (income (<10,000
Baht per month, 10,001–20,000 Baht per month, >20,001
Baht per month) and education level (Junior high school,
High school, Diploma/Certificate, University)); demo-
graphic factors (age and childhood area of residence
(urban/rural)); lifestyle factors (smoking (never smoked,
ex-smoker, current smoker) and alcohol consumption
(never, ex-drinker, occasional/social drinker, regular
drinker)); fruit and vegetable consumption (categorised as
< five or ≥ five serves/day), and consumption of sugar
sweetened beverages (SSBs) (<3×/month, 1–6/week, 1
+/day). Leisure physical activity, reported as number of
sessions per week of strenuous, moderate or mild exercise,
was weighted (“2 × strenuous + moderate + mild + walk-
ing” exercise sessions) [20] and categorized by sessions
per week (none, 1–7, 8–14, 15 or more) [21].
Statistical analysis
Since the relationship between diabetes and BMI may
differ by sex, we conducted all analyses separately for
men and women [22]. For eligible participants, baseline
characteristics were compared for those with and with-
out T2DM in 2013.
We used multivariable logistic regressions to assess
the association between baseline BMI categories and de-
velopment of T2DM by 2013. In Model 1 we estimated
age-adjusted odds ratios (OR) and 95% confidence inter-
vals (CI) for each BMI category (unadjusted for other
variables). We then added potential confounders of the
BMI-T2DM association (Model 2). These variables were
identified using directed acyclic graphs (DAGs) based on
theoretical knowledge and previous work with this co-
hort. They included age, area of residence during child-
hood, education, income, physical activity, consumption
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of fruit/vegetables, sugar sweetened beverage intake [23],
alcohol [24], and smoking [25].
We also modelled non-linear associations between
baseline BMI (using a continuous term) and T2DM risk
using restricted cubic splines with sex-specific distribu-
tions for BMI (using four knots, at 5th, 35th, 65th and
95th percentiles) [26]. To test for non-linearity, we com-
pared one model with the linear BMI term to another
model including the linear BMI term and its splined
terms using a Wald test for men and women, respect-
ively. We then determined the point of inflection as the
lowest BMI value for which the association between
BMI and T2DM was statistically significant using a BMI
reference point of 20.00 and an increment of 0.01.
Since previous work with other Asian cohorts and Thai
adults suggests that the relationship between BMI and
T2DM risk could vary by age and urbanization status [11, 27]
we stratified the models by baseline age (under 30, 30–39,
and 40 or over) and childhood area of residence (rural versus
urban). We also added the interaction terms of interest (cat-
egorical BMI x age or urbanization status x categorical BMI)
to the main regression model (Model 3).
Proportion of T2DM cases attributable to overweight and
obesity
We calculated population attributable fractions (PAFs) of
overweight and obesity for each age-sex group using the
standard formula [28] PAF% ¼
P
px OR−1ð Þxð Þ
1þ
P
px OR−1ð Þxð Þ  100
where px is the proportion of the population in the ex-
posure level x (separate for overweight and obesity, cate-
gorized using the criteria of 23- < 25 kg/m2 for
overweight and > 25 for obesity for comparability with
previous studies) and OR-1 is the excess risk associated
with exposure level x) to determine the proportion of
T2DM in the cohort that could have been prevented if
participants had a BMI of <23 kg/m2. We then applied the
sex-specific eight-year cumulative incidence and PAFs
from this study to the total number of men and women in
the national Thai population and divided the results by
eight to estimate the annual number of T2DM cases in
the national Thai population that could be attributed to a
BMI of >23 kg/m2 annually. As well, since we found the
inflection points for BMI significantly associated with
T2DM risk in TCS men and women were 21.60 and
20.03, we also calculated the effect of reducing BMI levels
from <23 kg/m2 to <22 kg/m2 and from <23 kg/m2 to
<21 kg/m2 in TCS men and women, respectively.
Impact of a theoretical 5% reduction in the prevalence of
overweight and obesity in the TCS
We estimated the potential impact fraction (PIF) [29] that a
5% reduction in the prevalence of obesity and of overweight
in the TCS cohort could have on T2DM incidence. This
hypothetical impact was modelled as follows: 1) we reduced
the prevalence of obesity (>25 kg/m2) in the cohort to a
level 5% below the original level and increased the preva-
lence of overweight (23- < 25 kg/m2) by 5%; 2) we reduced
the prevalence of overweight in the cohort by 5% and in-
creased the prevalence of normal weight (<23 kg/m2) by
5%. We calculated these PIFs using the formula [29] PIF%
¼
P
pORð Þ− PpORð Þð ÞP
pOR
  100 where p is the proportion of
TCS members with overweight or obesity (categorized using
the criteria of 23- < 25 kg/m2 for overweight and > 25 for
obesity), OR is the odds of T2DM for each BMI category,
and p* is an absolute 5% reduction in the real proportion of
TCS members with overweight or obesity.
Using the PIFs we calculated the hypothetical sex-
specific T2DM incidence that would have occurred in
the TCS had the prevalence of overweight and obesity
been 5% lower. We then applied the observed and
resulting hypothetical sex-specific T2DM incidences
from our cohort to the national Thai population to esti-
mate the number of T2DM cases that could be pre-
vented annually if the hypothetical reductions in the
prevalence of overweight and obesity were achieved.
All analyses were carried out using Stata (version
13.0). All statistical tests were two-sided.
Results
Of the 87,151 initial TCS participants, 60,569 were
followed-up in 2009. Of these, 706 had prevalent dia-
betes in 2005 and 28 did not have a response for the dia-
betes question in 2009 and were excluded. Of the
remaining 59,835, a total of 39,507 eligible participants
(without missing diabetes responses) were followed-up
in 2013. Of these, 486 did not have credible height or
weight data. The final study sample included 39,021 par-
ticipants of whom 688 reported a new diagnosis of dia-
betes (see flow chart in Additional file 1: Figure S1).
The baseline characteristics of participants by sex and
diabetes status are shown in Table 1. Among both men
and women, T2DM incidence increased with increasing
age, BMI, and income (p < 0.001). T2DM incidence was
double among those who lived in a city rather than a
rural area as a child (p < 0.001). Among women, T2DM
incidence was highest in those who consumed sugar-
sweetened beverages (SSBs) daily (p < 0.01). Among
men, T2DM incidence was highest in current smokers
and those who consumed alcohol regularly (p < 0.001).
The age and multivariable adjusted sex-specific associa-
tions between baseline BMI and T2DM incidence by 2013
are shown in Table 2 and in Fig. 1. A BMI of 20.75- < 23.00
(compared to 18.5- < 20.75) was associated with higher
T2DM risk in women (OR =3.0, 95% CI 1.6–5.7). In men, a
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Table 1 Thai Cohort Study: baseline characteristics (2005) by diabetes outcome in 2013
Men N = 17607a Women N = 21900a
T2DM incidencec %d p e T2DM incidence c %d p e
Total 438/17607 2.5 260/21900 1.2
Age years
Under 30 61/7029 0.9 <0.001 60/12097 1.0 <0.001
30–39 166/6634 2.5 108/7101 1.5
40 or over 211/3944 5.4 92/2702 3.4
BMI-Asian (kg/m2) cut-pointsb
Underweight (<18.49) 5/962 0.5 <0.001 3/4221 0.1 <0.001
Normal (18.5- < 23.0) 67/8208 0.8 56/12789 0.4
At risk (23.0- < 25.0) 76/4034 1.9 45/ 2347 1.9
Obese I (25.0- < 30.0) 196/3631 5.4 98/ 1858 5.3
Obese II (>30.0) 86/520 16.5 56/ 451 12.4
Income (Baht/month)
< 10,000 146/ 8930 1.6 <0.001 121/ 13,996 0.9 <0.001
10,001–20,000 148/ 5590 2.7 79/ 5338 1.5
> 20,001 134/ 2820 4.8 54/ 2087 2.6
Education level
Junior high school 21/ 769 2.7 0.16 6/ 376 1.6 0.90
High school 177/ 7991 2.2 94/ 7948 1.2
Diploma/certificate 101/ 3994 2.5 79/ 6670 1.2
University 137/ 4815 2.8 79/ 6849 1.2
Childhood area of residence
Rural 290/13377 2.2 <0.001 158/ 15,871 1.0 <0.001
Urban 141/ 4045 3.5 96/ 5846 1.6
Fruit and vegetable serves/day
< 5 serves 310/ 11,658 2.7 0.05 156/ 12,619 1.2 0.37
> 5 serves 115/ 5360 2.2 95/ 8625 1.1
Sugar sweetened beverage intake
Less than daily 404/ 16,376 2.5 0.24 230/ 20,424 1.1 <0.01
> daily 33/ 1083 3.0 28/ 1292 2.2
Smoking
Never smoked 147/ 8342 1.8 <0.001 237/ 20,290 1.2 0.17
Ex-smoker 151/ 5437 2.8 6/ 691 0.9
Current smoker 115/ 3024 3.8 4/ 149 2.7
Alcohol intake
Never drinks 29/ 1868 1.6 <0.001 123/ 9005 1.4 0.14
Quit 59/ 1777 3.3 12/ 1475 0.8
Occasional drinker 280/ 12,037 2.3 119/ 11,012 1.1
Regular drinker 67/ 1780 3.8 1/ 120 0.8
aNumbers may not add to total sample size due to missing responses for some characteristics
bBody mass Index (BMI) defined using the WHO International Obesity Taskforce recommendations
cIncident cases cumulating by 2013 divided by population without diabetes at baseline
dCumulative incidence over 8 years T2DM, type 2 diabetes mellitus
eChi Square p value comparing baseline characteristics among participants by T2DM status in 2013
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BMI of 23 < 25 (compared to 18.5- < 20.75) was associated
with higher T2DM risk (OR = 2.3, 95% CI 1.3–3.9). The
cubic spline non-linear modelling of BMI’s effect on T2DM
showed that the points of inflection where the association
became statistically significant compared to a reference of
20.00 kg/m2 for men and women were 21.60 (OR = 1.27,
95% CI 1.00–1.61) and 20.03 (OR = 1.02, 95% CI 1.02–
1.03), respectively. In women, BMI levels <20 kg/m2 ap-
peared to be inversely associated with risk suggesting
thresholds might be even lower for women, however, few
participants fell into these categories thus definite conclu-
sions are difficult to draw. At a BMI of 25.0 kg/m2, T2DM
risk was exponentially increased in both men (OR = 4.3,
95% CI 3.0–6.1) and women (OR = 11.6, 95% CI 6.8–19.8.),
Table 2 Association between baseline body mass index and eight-year incidence of type 2 diabetes
Body Mass Index (kg/m2)
at baseline in 2005
Incident cases
by 2013a






< 18.5 5/968 0.94 (0.34–2.5) 0.85 (0.28–2.6)
18.5 - <20.75 19/3232 1 1
20.75 - <23.0 48/4970 1.4 (0.80–2.3) 1.2 (0.69–2.2)
23.00 - < 25.00 77/ 4054 2.3 (1.4–3.8) 2.3 (1.3–3.9)
25.00 - <27.50 120/ 2583 5.5 (3.4–9.0) 5.5 (3.2–9.2)
27.50 - <30.00 75/1028 8.6 (5.1–14.4) 8.1 (4.7–14.1)
30.00 - <32.50 52/369 20.2 (11.7–34.8) 22.6 (12.7–40.1)
32.5 and over 34/151 42.3 (23.3–77.1) 43.3 (22.9–81.6)
Women
< 18.5 3/4222 0.35 (0.10–1.2) 0.44 (0.12–1.5)
18.5 - <20.75 18/7602 1 1
20.75 - <23.0 38/5186 2.7 (1.5–4.7) 3.0 (1.6–5.7)
23.00 - <25.00 45/2373 6.1 (3.5–10.6) 6.7 (3.6–12.4)
25.00 - <27.50 63/1292 16.4 (9.6–27.9) 14.9 (8.1–27.5)
27.50 - <30.00 35/543 21.6 (12.0–38.7) 23.0 (12.0–44.1)
30.00 - <32.50 23/265 31.1 (16.4–58.8) 34.9 (17.4–69.7)
32.5 and over 33/183 78.6 (43.1–143.4) 73.5 (37.0–146.2)
ORs Odds ratios, CI Confidence Interval, BMI Body Mass Index in kg/m2 T2DM, type 2 diabetes mellitus
aIncident cases cumulating by 2013 divided by population without diabetes at baseline
bModel 1 is age adjusted
cModel 2 is adjusted for age, education, income, area of childhood residence, physical activity, smoking, alcohol intake, fruit and vegetable intake,
and sugar sweetened beverage intake. These variables were selected using directed acyclic graphs (see methods)
Fig. 1 Odds ratios of type 2 diabetes incidence (2005–2013) according to body mass index in 2005. - - - - 95% Confidence Interval T2DM risk
modelled using restricted cubic splines with knots at 5th, 35th, 65th and 95th. Body mass index reference was set at 20.00 kg/m2
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respectively. These findings suggest that the exponential re-
lationship between BMI and T2DM is greater among
women than men and that excess adiposity in Southeast
Asian women has major implications for T2DM risk even
at BMI levels considered to be in the healthy weight range
for Asian populations (<23 kg/m2) (Fig. 1).
Figure 2 shows the sex-specific association between base-
line BMI and eight-year T2DM incidence stratified by age
and urbanization status. Among men, while the association
between obesity (BMI > 25) and risk of T2DM was higher
among participants aged <30 (OR = 15.7, 95% CI 7.9–31.4)
than those aged 40 and older (OR = 4.60, 95% CI 2.98–
7.11) the interaction term between BMI and age was not
statistically significant (p = 0.47). Among women, there was
some indication that the BMI-T2DM association was
modified by area of residence as a child such that the asso-
ciation between high BMI categories (> 23 and >25) and
T2DM risk was higher in participants who lived in an
urban area of residence as a child (BMI > 23: OR = 6.8,
95% CI 3.1–15.0; > 25 OR = 24.6, 95% CI 12.7–47.7) than
those who lived in a rural area of residence as a child
BMI > 23: OR = 3.3, 95% 1.9–5.5; BMI > 25: OR = 10.8,
95% 7.1–16.3), however, the interaction term between BMI
and urbanization status was not statistically significant at
the 5% level (p = 0.08).
Proportion of T2DM cases attributable to overweight and
obesity
We estimated that around 63% of T2DM in men and 62%
in women could be attributed to overweight or obesity
Fig. 2 Odds ratios of type 2 diabetes by body mass index stratified by age and residence CI confidence interval Overweight: Body Mass Index (BMI)
23.00 - < =24.99 kg/m2 and Obesity BMI >25.00 kg/m2 Adjusted for age, education, income, area of childhood residence, physical activity, smoking,
alcohol intake, fruit and vegetable intake, and sugar sweetened beverage intake
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(Table 3). Assuming the association between BMI and
T2DM is causal, an estimated 66,000 cases in men and
32,000 in women per year may have been prevented in the
national Thai population if a BMI level of <23 kg/m2 was
maintained across the population. Moreover, reducing
BMI levels from <23 kg/m2 to <22 kg/m2 and from
<23 kg/m2 to <21 kg/m2 in TCS men and women, re-
spectively would have prevented a further 6700 cases in
men and 9500 cases in women annually, in the national
Thai population.
Potential impact of reducing the prevalence of
overweight and obesity in the TCS
Our results suggest that if the prevalence of overweight
could be reduced by 5% then this could result in a slight
reduction in T2DM cases annually in the national Thai
population (male PIF 2.0%, cases prevented per
year = 1300; female PIF 6.0%, cases prevented per
year = 1900). A 5% reduction in the prevalence of obes-
ity would have a more profound effect, potentially pre-
venting ~6600 cases in men (PIF 10%) and ~6100 in
women (PIF 19%) in the national Thai population.
Discussion
Our prospective nationwide study of Thai adults pro-
vides further evidence that T2DM risk is increased at
BMI levels below 25 kg/m2 in Asian populations and
that the use of lower Asia-specific BMI cut-points are
necessary for defining T2DM risk in Asian adults, par-
ticularly in women. We found that T2DM risk was asso-
ciated with a BMI of 22 kg/m2 and 20 kg/m2 in men and
women, respectively. We also found that for the same
BMI level the association between BMI and T2DM risk
was higher in women and that their T2DM risk was
already increased at BMI levels currently considered in
the ‘healthy range’ for Caucasian and Asian populations.
Over 60% of all T2DM cases occurring in this cohort
could be attributed to overweight and obesity and our
results suggest that a hypothetical 5% reduction in the
prevalence of obesity could result in almost 13,000 fewer
cases of T2DM annually in the national Thai population.
There are several potential limitations which should be
considered when interpreting our findings. All data on
height, weight and diabetes diagnoses were ascertained
using self-report. Accordingly, there may be some mis-
classification error which should be considered when
interpreting these findings. However, validation studies of
self-reported diabetes [18] and self-reported weight and
height [30] in this cohort have shown that the accuracy of
these self-reported measures is high. Another potential
issue is attrition. Over the eight-year follow-up, 50% of the
baseline cohort was lost to follow-up. Slight differential at-
trition was noted by body size with a higher retention rate
for participants with a larger weight at baseline. However,
previous work with this cohort showed that ORs for the
association between BMI and T2DM incidence in the first
4 years (70% retention of baseline cohort) were similar to
those from the total eight-year follow-up, indicating that
eight-year ORs are likely to be generalizable [21]. More-
over, non-differential attrition was noted by sex, dietary
intake, alcohol intake, and area of residence indicating that
these variables would unlikely affect BMI-T2DM risk ef-
fect estimates (see Additional file 2: Table S1).
An additional issue to consider is the precision of the
PAF and PIF estimates. These measures are dependent
on the accuracy and the magnitude of the ORs and the
prevalence estimates being used. Accordingly, there is
potential for error in these estimates due to variations in
the accuracy in the self-report of weight and height, dif-
ferences in the prevalence of overweight and obesity be-
tween our cohort and the national Thai population, as
well as any risk estimates affected by attrition in this co-
hort. There is no agreed method for calculating confi-
dence intervals on composite measures such as PAF and
PIF estimates. Accordingly, these were not calculated.
Nevertheless, our PIF and PAF estimates highlight the
potential magnitude of the effects of overweight and
obesity on T2DM incidence in Thai adults.
Important strengths of this study include the large sam-
ple of Thai adults and our nationwide coverage. Moreover,
to our knowledge this is the largest prospective study to
assess the BMI cut-points associated with T2DM risk and
the number of T2DM cases attributed to overweight and
obesity in adults living in Southeast Asia.
This study found that T2DM risk is increased at BMI
levels considered to be in the ‘normal’ range for Cauca-
sian populations (<25 kg/m2). Our findings are consist-
ent with previous studies that recommend using a BMI
cut-off between 21 and 24 kg/m2 to define overweight
and obesity in Asian populations based on diabetes and
cardiovascular risk [5, 13–15, 31–33]. However, studies
of body size and mortality could shed light on appropri-
ate cut-offs for BMI on health more generally. For ex-
ample, a few mortality studies conducted in different
Asian populations did not find evidence that mortality
risk was increased at BMI levels <25 kg/m2 [34]. How-
ever, these studies were unable to adjust for potential
confounding effects of factors such as infectious diseases
and the prevalence of smoking in these different popula-
tions. Adjusting for related factors in this study had min-
imal influence on the BMI-T2DM relationship. However,
these factors might modulate more of the BMI-mortality
association than the BMI-T2DM relationship [35].
A likely explanation for the increased risk of T2DM at
these low levels of BMI is body composition. Evidence
suggests that the relationship between BMI and body fat
differs by ethnicity, with Asian populations having
higher proportions of body fat compared to muscle mass
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than Caucasian populations when matched by age and
BMI [36]. Ethnicity related differences in body fat com-
position and distribution may be associated with epigen-
etic programming [37]. Babies that develop in an
undernourished intrauterine environment have been
shown to experience ‘catch up’ growth later in life that has
been associated with preservation of adipose tissue, obes-
ity, and increased insulin resistance [38]. As well, children
growing up with under-nutrition and frequent infection
who survive to adulthood have low attained height, and a
life-long threat of adult obesity, which is widespread in
Thailand today [39]. Many Asian populations have experi-
enced generations of under-nutrition prior to experiencing
the accelerated nutrition transition currently underway in
much of Asia. Accordingly, some Asian populations may
be more predisposed to storing visceral fat or are more in-
sulin resistant at lower levels of adiposity [36, 40].
Effects of epigenetic programming may be particularly
intensified when there is a strong mismatch between the
intrauterine and early life environments [41], which may
explain the potentially increased association between
obesity and T2DM incidence noted in TCS females who
lived in an urban area of residence during childhood.
Living in an urban area during childhood has been
shown to be associated with increased exposure to an
energy-dense western diet, reduced physical activity and
a higher prevalence of obesity during adulthood [42].
Therefore, unlike children who are raised in a rural area
of residence and may have low exposure to the ‘western
diet’, those who are raised in an urban area of residence
may have pro-longed exposure to an obesogenic envir-
onment and consequently an increased risk of T2DM
later in life.
As in previous studies, this study found that for the
same BMI T2DM risk was higher in women [22]. Evi-
dence suggests that this sex-specific association may be
related to differences in body composition and hor-
mones between men and women. For instance, men
have higher concentrations of testosterone than women
and testosterone has been shown to inversely associate
with adiposity and insulin resistance in men [43]. This
effect may relate to testosterone’s role in increasing lean
body mass and decreasing inflammatory cytokines,
which can increase insulin resistance [43]. These find-
ings highlight the need for public health interventions to
target the promotion of healthy weight differently in
Asian men and women.
Our findings show that the public health impact of
preventing or reducing the prevalence of obesity in
Thailand could be profound. Shifting as little as 5% of
the population with obesity to a lower BMI of 23-
< 25 kg/m2 could lead to a substantial decrease in the
number of T2DM cases occurring in the Thai popula-
tion; and this benefit could be even greater than we have
calculated considering the high and increasing preva-
lence of obesity, particularly in women, in the national
Thai population [27].
Conclusions
The findings from this prospective study of Thai adults
suggest that using lower BMI cut-points is necessary for
defining T2DM risk in Southeast Asian populations.
Our findings suggest that T2DM risk is already in-
creased at BMI levels <23 kg/m2. Therefore, public
health action and response may be required at lower
BMI levels to help curb the T2DM epidemic currently
Table 3 Thai Cohort Study: population attributable fractiond of diabetes due to excess weight
Overweight Obese Totalb
Age group Percenta Odds Ratioc (95% CI) PAF% Percenta Odds Ratioc (95% CI) PAF% PAF %
Men
< 30 16.0 1.10 (0.30–3.96) 0.5 13.9 15.73 (7.87–31.4) 66.8 67.3
30–39 26.8 2.72 (1.54–4.80) 12.5 27.5 9.06 (5.55–14.78) 60.3 72.8
> 40 28.2 1.51 (0.89–2.56) 5.8 36.9 4.60 (2.98–7.11) 53.8 59.6
Total 21.6 2.06 (1.44–2.96) 8.5 22.2 7.65 (5.69–10.28) 54.6 63.1
Women
< 30 6.6 3.78 (1.50–9.52) 8.8 6.8 14.24 (7.70–26.3) 43.0 51.8
30–39 13.0 4.98 (2.62–9.48) 15.0 13.3 15.50 (9.19–26.2) 56.0 71.0
> 40 21.8 3.44 (1.56–7.58) 12.6 22.5 12.91 (6.59–25.27) 63.6 76.2
Total 9.8 4.13 (2.68–6.35) 11.6 9.8 14.23 (10.11–20.02) 50.0 61.6
CI confidence interval, PAF Population Attributable Fraction
Overweight: Body Mass Index (BMI) 23.00- < =24.99 kg/m2 and Obesity: BMI >25.00 kg/m2
aPrevalence
bOverweight and Obesity combined
cOdds ratios (ORs) associating baseline body mass index and eight-year incidence of type 2 diabetes between 2005 and 2013. All ORs are adjusted for age, educa-
tion, income, area of childhood residence, physical activity, smoking, alcohol intake, fruit and vegetable intake, and sugar sweetened beverage intake
d PAF% calculated using the formula PAF% ¼
P
px OR−1ð Þxð Þ
1þ
P
px OR−1ð Þxð Þ  100
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underway in Southeast Asia. Further research is required
to confirm these findings in different Southeast Asian
populations.
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Supplement 1: Selection of the analysed cohort from the Thai Cohort Study 
 
Thai Cohort Study participants in 2005 
N=87,151(100%) 
Have you ever received a confirmed diagnosis 
from a doctor that you definitely have diabetes? 
“No” (2005) N=86,249 (99%) 
N=87,151(100%)
-“Yes” N=902 (1%) 
Eligible TCS participants followed-up in 2009 
N=59,835 (67%) 
*Of the total 60,569 TCS members followed-up
in 2009, 734 were ineligible for this study
Followed-up in 2009 but ineligible N=734 
-Prevalent diabetes in 2005 N=706
-Missing diabetes responses in 2009 N=28
Drop-outs in 2009 N=26,582 
Followed-up in 2013 but ineligible N=3,278
-Prevalent diabetes in 2005 N=531
-Missing diabetes responses in 2013 N=2,567
-Diabetes in 2009 and none in 2013 N=180
Drop-outs in 2013 N=44,366
Eligible TCS participants included in this study 
N=39,021 (45%) 
Followed-up in 2013 but ineligible N=486 
-Missing BMI responses in 2005 N=486
Eligible TCS participants followed-up in 2013 
N=39,507 (46%) 
*Of the total 42,785 TCS members followed-up
in 2013, 3,278 were ineligible for this study
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n (%) P value** 
Total 48,130 (55%) 39,021 (45%) 
Sex <0.001 
Men 22,129(46) 17,355(44) 
Women 25,994(54) 21,666(56) 
Age years <0.001 
Under 30 31,304(65) 18,963(48) 
30-39 11,951(25) 13,570(35) 
40 or over 4,857(10) 6,488(17) 
BMI-Asian cut-points† <0.001 
Underweight (<18.49 7,475(16) 5,183(13) 
Normal (18.5-22.9) 25,817(55) 20,997(54) 
At risk (23.0-24.9) 6,588(14) 6,381(16) 
Obese I (25.00-29.9) 5,830(12) 5,489(14) 
Obese II (>30.0) 1,270(3) 971(3) 
Residence <0.001 
Rural 22,423(47) 19,326(50) 
Urban 25,295(53) 19,469(50) 
Education <0.001 
Junior high school 1,920(4) 1,119(3) 
High school 23,728(49) 15,687(40) 
Diploma/certificate 12,890(27) 10,578(27) 
University 9,439(20) 11,547(30) 
Income (Baht/month) <0.001 
<10,000 32,794(70) 22,641(59) 
10,001-20,000 9,759(21) 10,811(28) 
>20,001 4,116(9) 4,840(13) 
Smoking <0.001 
Never smoked 32,812(72) 28,313(76) 
Ex-smoker 7,373(16) 6,036(16) 
Current smoker 5,410(12) 3,129(8) 
Alcohol intake <0.001 
Never 11,984(25) 10,728(28) 
Used to drink (quit) 4,519(10) 3,205(8) 
Occasional/Social 28,587(60) 22,785(59) 
Regular drinker 2,289(5) 1,882(5) 
*Numbers may not add to total sample size due to missing responses for some characteristics
**χ2 comparing each baseline characteristic by participation status
† Body mass Index (BMI) in kg/m2, categorized by Asian cut-offs using the WHO International Obesity
Taskforce recommendations
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7 Social demography of dietary patterns in Thai adults 
Chapter 7 is a peer-reviewed article that has been published in Nutrients. It addresses 
Objective 5: to determine the association between upstream T2DM risk factors and 
dietary patterns. A dietary survey was conducted with a random sample of TCS 
participants who were followed-up in 2013 to assess dietary patterns in 2015 (N=1,075). 
Results reported here demonstrate four transitional dietary patterns and their socio-
demographic predictors. These findings highlight the groups who are most at risk of 
consuming an unhealthy diet. This information is useful for T2DM control efforts in 
Thailand and could support efforts to nudge the population towards healthier choices. 
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Abstract: In recent decades, a health-risk transition with changes in diet and lifestyle in low and
middle-income countries (LMICs) led to an emergence of chronic diseases. These trends in Southeast
Asian LMICs are not well studied. Here, we report on transitional dietary patterns and their
socio-demographic predictors in Thai adults. Dietary data in 2015 were from a random sub-sample
(N = 1075) of 42,785 Thai Cohort Study (TCS) members who completed all three TCS surveys
(2005, 2009, 2013). Principle Component Analysis identified dietary patterns and multivariable
linear regression assessed associations (Beta estimates (ß) and confidence intervals (CIs)) between
socio-demographic factors and dietary intake pattern scores. Four dietary patterns emerged:
Healthy Transitional, Fatty Western, Highly Processed, and Traditional. In women, higher income
(≥30,001 Baht/month vs. ≤10,000) and managerial work (vs. office assistant) was associated with
lower scores for Traditional (ß = −0.67, 95% CI −1.15, −0.19) and Fatty Western diets (ß = −0.60,
95% CI −1.14, −0.05), respectively. University education associated with lower Highly Processed
(ß = −0.57, 95% CI −0.98, −0.17) and higher Traditional diet scores (ß = 0.42, 95% CI 0.03, 0.81).
In men and women, urban residence associated with higher Fatty Western and lower Traditional
diets. Local policy makers should promote healthy diets, particularly in urban residents, in men,
and in low-SEP adults.
Keywords: socioeconomic status; diet patterns; Asian cohort; urban; nutrition transition; principle
component analysis
1. Introduction
Rapid economic growth in low and middle-income countries (LMICs) has resulted in
transformation of food systems and diets with a remarkable increase in the intake of animal fats
and sugars. Concurrent urbanization and decreased physical activity is leading to increased body size
Nutrients 2017, 9, 1173; doi:10.3390/nu9111173 www.mdpi.com/journal/nutrients
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and an epidemic of unfamiliar non-communicable diseases (NCDs), including diabetes, hypertension,
and ischemic heart disease [1].
Collectively, these shifts in environment, behaviour, and disease, together with the health system
response, have been termed the “health-risk transition” [2]. The nutritional components of the
health-risk transition have been long recognized as a “nutrition transition” [3]. The changes in
lifestyle behaviours and disease outcomes generally occur first in urban residents who have a high
socio-economic position (SEP) [4]. Indeed, some studies from developing LMICs have found that
urban, high SEP individuals have a higher prevalence of NCDs and are more likely to consume diets
that are associated with an increased NCD risk than rural, low-SEP individuals [5,6]. However, recent
evidence suggests that as more economic development occurs, the transition deepens and unhealthy
diets and the NCDs shift to rural and low SEP individuals [6–11] This pattern resembles what is
commonly observed in high income countries (HICs) that are at the advanced stage of the health-risk
transition [12,13].
Thailand is a LMIC that has achieved substantial economic growth in recent decades [14] and
now has an emerging type 2 diabetes (T2DM) epidemic [15]. The socio-demographic determinants
of dietary intake in Southeast Asian countries like Thailand are not well understood. A few small,
cross-sectional studies suggest that social differences in diet and health outcomes among Thai adults
are beginning to resemble what is commonly observed in countries at the later stages of the nutrition
transition (e.g., higher prevalence of obesity in rural and low SEP women; higher consumption of
healthy foods in wealthy men and women) [16,17]. However, it is unclear how socio-demographic
factors associate with dietary patterns in Thai adults. Understanding the drivers of dietary patterns will
allow for the development of more targeted public health interventions that are aimed at controlling
the T2DM epidemic. In this study, we identify major dietary patterns and examine the associations
between socio-demographic factors and dietary patterns in a cohort of Thai adults.
2. Materials and Methods
Members of the Thai Cohort Study (TCS) were the source population for this research. The cohort
is a prospective study of the “health-risk transition” among Sukhothai Thammathirat Open University
(STOU) students that are residing nationwide [18]. In 2005, all 200,000 enrolled students were
invited to participate and were mailed a questionnaire covering a wide array of variables including
socio-demographic, health and lifestyle factors, and health outcomes. These were distance learning
students, mostly part time and a little more urbanized than the national population, using education
for self-improvement. As such, they are likely to experience the “health-risk transition” ahead of their
fellow Thais. A total of 87,151 (44%) returned the completed questionnaire and formed the baseline
cohort. Four years later (2009), 60,569 (69%) were successfully followed up, and of these, 42,785 (71%)
were followed again in 2013.
2.1. Participant Selection
TCS members who completed all three questionnaires (2005, 2009, and 2013) were eligible for the
current study (N = 42,785). Previous experience with this cohort suggests that around half of all TCS
members invited to participate in sub studies respond [19]. In order to achieve our desirable sample
size of ~1000 (see Statistical methods), we invited a random sample of 2400 TCS members to complete
an additional mail-out dietary survey in 2015 expecting that approximately ~1100 participants would
be successfully followed up.
2.2. Dietary Intake
Dietary intake was assessed in 2015 using the validated Thai National Health Examination Survey
food frequency questionnaire (FFQ) [20]. The participants were asked to indicate the frequency of
consumption of each food item on average with one of seven response categories ranging from “don’t
eat at all” to “more than once per day”. FFQ responses for each item were converted into daily intake
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equivalents as follows: “don’t eat at all” = 0, “less than once per month” (0.5/30 = 0.02), “1–3 times
per month” = 0.07, “1–3 times per week” = 0.28, “4–6 times per week” = 0.71, “once per day” = 1,
or “more than once per day” = 2.5. Participants were excluded from this study if responses to >10% of
food consumption items were missing while all of the other missing FFQ items were considered as
not consumed [21]. All of the 44 food items were allocated into 30 separate food groups according to
nutritional content, culinary use, and previous dietary pattern studies [17] (Table S1).
2.3. Socio-Economic Position
We used three measures of socio-economic position (SEP): monthly income, occupation,
and highest level of attained education. Information on these measures was collected in the 2013
questionnaire. Occupation was included because personal monthly income is affected by earning
disparities between Thai men and women [22]. Using occupation as a measure of SEP may help to
detect differences in low and high SEP women that personal monthly income might not be able to
discern due to the low number of women in the high income bracket. Data for all three SEP measures
were collected in the 2013 follow-up questionnaire. Personal monthly income (Baht) was reported
in categories and classified as: <10,000 (<295 USD), 10,001–20,000 (295–590 USD), 20,001–30,000
(>590–880 USD), or ≥30,001 (>880 USD). Level of attained education was categorized as having or
not having a university degree. Data on occupation were reported in categories and further classified
as: manual worker (e.g., labourers), office assistant, skilled worker (e.g., carpenter, hairdresser),
professional (e.g., doctor, accountant), and manager (middle or senior).
2.4. Demographic Factors
Information on the location of current residence was collected in the 2005, and again in the
2013 follow-up questionnaires. In both questionnaires, residence was recorded as rural or urban.
We combined the data for 2005 and 2013 and converted this measure into four categories based on
residence reported in 2005 and in 2013: rural residence in both 2005 and 2013; rural residence in 2005,
urban residence in 2013; urban residence in both 2005 and 2013; and, urban residence in 2005, rural
residence in 2013.
2.5. Statistical Methods
Since dietary intake in this cohort varies substantially by sex, especially for transitional foods,
we performed all of the analyses separately for men and women [23].
2.5.1. Dietary Patterns
Dietary patterns were identified using principle component analysis (PCA). We determined the
number of patterns to retain based on their eigenvalues (>1.0) (pointing to factors explaining more of
the total variance than each original variable), using scree plots, and according to the interpretability
of the identified pattern. The retained patterns were then orthogonally rotated to obtain a simpler
factor structure and enhance their interpretability [24]. Food items with an absolute factor loading
>0.30 or <−0.30 were considered as substantial contributors. Patterns were named based on the food
items with the highest factor loadings. We then calculated a standardized score for each participant by
summing the consumption frequency for each food group and multiplying it by the factor loadings for
each dietary pattern [25].
2.5.2. Socio-Demographic Predictors of Dietary Patterns
We used multivariable linear regression to assess the associations between socio-demographic
measures in 2013 and dietary intake pattern scores in 2015. We estimated standardized coefficients
(ßeta) and 95% confidence intervals (CI). We identified potential confounders using directed acyclic
graphs (DAGs) and by including in the model covariates of interest that had at least a 10% effect on
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the predictors of dietary patterns [26]. Variables of interest included education, income, occupation,
and area of residence. The covariates modelled included age and an interaction term for education
and income (education x income) to assess the potential modifying effect of income on the association
between education and dietary pattern scores.
2.5.3. Sensitivity Analysis
For each of the four dietary patterns, we found that a few individuals had very high consumption
scores. To determine the potential impact that these participants might have on the effect estimates,
we reassessed the association between the socio-demographic predictors and the four dietary patterns
without these individuals
2.5.4. Sample Size
Sample size for this study was determined by considerations that led us to recruit
~1000 participants. Generally, for PCA, between five to ten participants per item will provide
an adequate sample size (in our study 150–300 participants) [27]. As well, power calculations indicate
that a sample of 500 participants (i.e., men or women) with at least 20% in each socio-demographic
group allow us to detect a statistically significant and substantial difference between two mean dietary
scores of at least 0.4 standard deviations with a two-sided 5% significance level, and 80% power.
2.6. Ethics Approval
Ethical approval for the study was obtained from Sukhothai Thammathirat Open University
Research and Development Institute (protocol 0522/10 (approved in 2004)) and the Australian
National University Human Research Ethics Committee (protocols 2004/344 (approved in 2004)),
2009/570 (approved in 2009) and 2015/068 (approved in 2015). Informed written consent was obtained
from all participants. All data were de-identified before analysis. We thank Professor Aekplakorn for
permission to use the Thai National Health Examination Survey FFQ.
3. Results
3.1. Participants
Of the 2400 randomly selected TCS participants, 1090 (45%) completed and returned their dietary
surveys. Of these, 15 (10 men, 5 women) did not respond to >10% of their FFQ questions, so they were
excluded. Analyses were based on the remaining 1075 participants and comparisons are summarised
in the supplementary Table S2. Those who completed the FFQ and those who did not respond
were similar with respect to body mass index (BMI), area of residence, occupation, and income
(all p-values > 0.2), although respondents were, on average, older (p < 0.001) and had higher levels of
attained education (p < 0.01).
When compared to the female participants, male participants were older, had a higher BMI,
and earned a higher monthly income (p < 0.001). Male participants were also more likely to work as
senior managers than female participants (p < 0.001). Having attained a university education was
more common in women than in men (p < 0.01). These results were statistically significant but the
actual differences were not large.
Figure 1 shows the proportion of 2015 dietary survey participants consuming each food group
per week by sex. Vegetables and white rice were the most commonly consumed food groups by all of
the participants. As compared to women, men consumed higher proportions of white rice, fish, coffee,
sugar-sweetened beverages, and fatty meat (p < 0.05). When compared to men, women consumed
higher proportions of fruit, brown rice, milk, and soy milk (p < 0.05).
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Table 1. Factor loadings * for four dietary patterns identified among Thai adults.
Food Groups (Men) Healthy Transitional Fatty Western Highly Processed Traditional
Soy milk 0.41 - - -
Beans 0.37 - - -
Fruit 0.34 - - -
Milk 0.32 - - -
Brown rice 0.30 - - -
Wheat 0.30 - - -
Fatty meat - 0.38 - -
Deep fried and western food - 0.36 - -
Meat - 0.34 - -
Rice noodles - 0.33 - -
Food with coconut milk - 0.30 - -
Fruit with added sugar - - 0.49 -
Processed fruit - - 0.44 -
Sweet snacks - - 0.38 -
Meat products (processed) - - 0.35 -
Fermented fish or soybean - - - 0.53
Glutinous rice - - - 0.47
Bamboo shoots - - - 0.40
Chilli dipping sauce - - - 0.33
Dietary variance explained % 10.9 10.8 8.5 6.7
Food groups (Women) Fatty Western Healthy transitional Highly processed Traditional
Deep fried and western food 0.35 - - -
Fatty meat 0.35 - - -
Food with coconut milk 0.31 - - -
Soy milk - 0.37 - -
Beans - 0.37 - -
Fish - 0.36 - -
Milk - 0.30 - -
Processed fruit - - 0.44 -
Wheat - - 0.34 -
Fruit or vegetable juice - - 0.33 -
Salty snacks - - 0.31 -
Fermented fish or soybean - - - 0.49
Glutinous rice - - - 0.47
Bamboo shoots - - - 0.46
Chilli dipping sauce - - - 0.31
Dietary variance explained % 11.2 9.7 7.8 7.1
* Only factor loadings >0.30 or <−0.30 are displayed in the body of the table. These represent correlation coefficients
between individual food groups and each dietary pattern.
3.3. Socio-Economic Position and Dietary Patterns
The multivariable-adjusted sex-specific associations between SEP and the four dietary patterns
are shown in Tables 2 and 3. Among women, higher incomes of 20,001–30,000 or ≥30,001 Baht/month
(vs. ≤10,000) were both associated with a lower Traditional diet score (ß = −0.62, 95% CI −1.06, −0.18)
and (ß = −0.67, 95% CI −1.15, −0.19) and working as a manager or as a professional (vs. office
assistant) were both associated with a lower Fatty Western diet score (ß = −0.60, 95% CI −1.14, −0.05)
and (ß = −0.48, 95% CI −0.86, −0.11), respectively. Among men, a higher income was positively
associated with a higher Healthy Transitional diet score, and working as a manual labourer was
associated with a higher Fatty Western diet score; both ß coefficients were substantial (>0.5) but not
statistically significant.
In women, having a university education (vs. not) was associated with a lower Highly Processed
diet score (ß = −0.57, 95% CI −0.98, −0.17) and a higher Traditional diet score (ß = 0.42, 95% CI 0.03,
0.81). In men, education level was not significantly directly associated with any of the dietary patterns.
However, income modified the association between education and the Highly Processed diet (p for
interaction 0.03). At a low income of <10,000 Baht per month, having a university education (vs. not)
was associated with a lower Highly Processed diet score (ß = −1.02, 95% CI −1.78, −0.25).
3.4. Urbanization and Dietary Patterns
The associations between urban residence and the four identified dietary patterns are shown in
Tables 2 and 3. Among women, when compared to rural residence, urban residence was associated
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with a higher Fatty Western diet score (rural-urban: ß = 0.55, 95% CI 0.02, 1.08; urban-urban:
ß = 0.68 95% CI 0.32, 1.04) and a higher Highly Processed diet score (ß = 0.44, 95% CI 0.13, 0.75,)
but with a lower Traditional diet score (rural-urban: ß = −0.60, 95% CI −1.04, −0.17; urban-urban:
ß = −0.68, 95% CI −0.98, −0.39). Among men, as compared to rural residence, urban residence was
associated with a higher Fatty Western diet score (ß = 0.59, 95% CI 0.20, 1.00), and a lower Traditional
diet score (urban-rural: ß = −0.77, 95% CI −1.39, −0.15; rural-urban: ß = −0.74, 95% CI −1.21, −0.26;
urban-urban: ß = −1.00, 95% CI −1.31, −0.68).
Table 2. Multivariable linear regression of socio-demographic predictors in 2013 and dietary intake
pattern scores in 2015 in 486 Thai men.
Predictors Beta Coefficients and 95% Confidence Intervals
Healthy Transitional Fatty Western Highly Processed Traditional
Income (Baht/month)
≤10,000 reference reference ** reference
10,001–20,000 −0.20 (−0.79, 0.40) −0.09 (−0.68, 0.51) 0.06 (−0.39, 0.53)
20,001–30,000 −0.05 (−0.67, 0.57) 0.06 (−0.55, 0.68) 0.01 (−0.47, 0.49)
≥30,001 0.66 (−0.04, 1.36) −0.16 (−0.86, 0.53) −0.36 (−0.90, 0.18)
Education
University −0.35 (−0.82, 0.11) −0.24 (−0.70, 0.22) 0.05 (−0.30, 0.41)
Education level by income
(Baht/month)
Below university - - reference -
<10,000, university - - −1.02 (−1.78, −0.25) -
10,001–20,000, university - - 0.07 (−0.54, 0.69) -
20,001–30,000, university - - −0.11 (−0.86, 0.64) -
≥30,001, university - - 0.95 (−0.20, 2.09) -
Occupation
Manual worker 0.09 (−0.48, 0.67) 0.52 (−0.05, 1.09) 0.34 (−0.14, 0.82) 0.04 (−0.41, 0.48)
Office assistant reference reference reference reference
Skilled worker 0.26 (−0.44, 0.96) 0.19 (−0.50, 0.88) 0.26 (−0.32, 0.84) −0.01 (−0.54, 0.54)
Professional 0.01 (−0.50, 0.51) −0.07 (−0.57, 0.43) 0.03 (−0.39, 0.45) −0.06 (−0.45, 0.33)
Manager 0.38 (−0.15, 0.92) 0.19 (−0.34, 0.72) 0.18 (−0.26, 0.63) 0.25 (−0.16, 0.66)
Urban residence
Rural-rural reference reference reference reference
Urban-rural −0.17 (−0.98, 0.63) −0.18 (−0.98, 0.62) −0.20 (−0.87, 0.46) −0.77 (−1.39, −0.15)
Rural-Urban 0.44 (−0.18, 1.05) 0.29 (−0.32, 0.90) 0.24 (−0.26, 0.75) −0.74 (−1.21, −0.26)
Urban-Urban 0.19 (−0.21, 0.60) 0.59 (0.20, 1.00) 0.14 (−0.19, 0.48) −1.00 (−1.31, −0.68)
All Beta coefficients are adjusted for age and for each other. ** The p for interaction for education x income was
statistically significant for the highly processed diet pattern and therefore the main effect associations between
income and education with this pattern are not displayed.
Table 3. Multivariable linear regression of socio-demographic predictors in 2013 and dietary intake
pattern scores in 2015 in 589 Thai women.
Predictors Beta Coefficients and 95% Confidence Intervals
Healthy Transitional Fatty Western Highly Processed Traditional
Income (Baht/month)
≤10,000 reference reference reference reference
10,001–20,000 −0.20 (−0.64, 0.24) −0.01 (−0.45, 0.43) −0.06 (−0.44, 0.31) −0.20 (−0.55, 0.16)
20,001–30,000 −0.21 (−0.75, 0.33) −0.22 (−0.76, 0.32) 0.26 (−0.20, 0.72) −0.62 (−1.06, −0.18)
≥30,001 −0.37 (−0.96, 0.22) 0.03 (−0.56, 0.62) 0.48 (−0.01, 0.98) −0.67 (−1.15, −0.19)
Education
University −0.02 (−0.51, 0.46) −0.04 (−0.52, 0.44) −0.57 (−0.98, −0.17) 0.42 (0.03, 0.81)
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Table 3. Cont.
Predictors Beta Coefficients and 95% Confidence Intervals
Healthy Transitional Fatty Western Highly Processed Traditional
Occupation
Manual worker −0.22 (−0.76, 0.33) −0.09 (−0.63, 0.46) −0.15 (−0.61, 0.31) −0.02 (−0.46, 0.42)
Office assistant reference reference reference reference
Skilled worker 0.18 (−0.69, 1.05) 0.09 (−0.78, 0.95) 0.05 (−0.68, 0.78) −0.01 (−0.71, 0.69)
Professional 0.08 (−0.30, 0.47) −0.48 (−0.86, −0.11) 0.06 (−0.26, 0.38) 0.08 (−0.23, 0.38)
Manager 0.28 (−0.26, 0.83) −0.60 (−1.14, −0.05) −0.13 (−0.59, 0.33) 0.26 (−0.18, 0.70)
Urban residence
Rural-rural reference reference reference reference
Urban-rural 0.12 (−0.47, 0.70) 0.58 (−0.01, 1.16) 0.12 (−0.37, 0.62) −0.22 (−0.69, 0.25)
Rural-Urban 0.08 (−0.46, 0.61) 0.55 (0.02, 1.08) 0.27 (−0.18, 0.72) −0.60 (−1.04, −0.17)
Urban-Urban −0.10 (−0.46, 0.27) 0.68 (0.32, 1.04) 0.44 (0.13, 0.75) −0.68 (−0.98, −0.39)
All Beta coefficients are adjusted for age and for each other.
3.5. Sensitivity Analysis
The effect estimates were similar when we removed the 15 individuals (nine men and six women)
with the high consumption scores (see Methods) so these individuals were retained in the main
analyses. Similarly, excluding individuals with missing data for any FFQ items did not change
the results.
4. Discussion
We assessed diets and their socio-demographic predictors in a prospective cohort of Thai adults.
Using Principle Component Analysis, four major dietary patterns were evident: Healthy Transitional,
Fatty Western, Highly Processed, and Traditional. For both sexes, high SEP associated with a lower
consumption of unhealthy foods; urban residence associated with greater food diversity, but also with
foods that have been shown to increase NCD risk in previous studies.
Some limitations should be considered when interpreting our findings. The FFQ used in our study
documented intake frequency and we did not adjust for energy intake. Another issue to consider is the
subjective nature of decisions that is required by the factor analysis technique; although, this method is
data driven, and at several points during the analysis the investigators are required to make important
decisions [24]. These include the consolidation of individual foods into food groups, determining the
number of factors to retain, choosing the rotation method, and labelling the factors in interpretable
ways [24]. To minimize subjectivity, we used our knowledge of Thai cuisine and previous dietary
pattern studies to guide our construction of food groups. Scree plots and eigenvalues supported the
statistical basis for retention of four dietary patterns.
Important strengths of this study include the prospective data collection and nationwide coverage
of our sample of Thai adults. We used an FFQ that has been previously validated in the national
Thai population and which has been used to determine dietary patterns and their association with
health outcomes [17]. Furthermore, the TCS participants are ideal for studying the association between
socio-demographic factors and patterns of dietary consumption in LMICs since this cohort is becoming
urbanized, using education for self-improvement, and experiencing the health-risk transition ahead of
their fellow Thais [15].
The four dietary patterns identified in our study are similar to those reported in both LMICs and
HICs, and the total variance explained by these factors in men and women (37% and 36%, respectively)
is similar to what has been reported in previous studies [17,28]. The Fatty Western and Highly
Processed dietary patterns in our study resemble the “Western”, “Unhealthy”, “Convenience”, or
“Meat” diet patterns reported in LMICs [29,30] and HICs [13,31] since they are high in added sugars and
saturated fat. These dietary patterns characterize the “degenerative” stage of the nutrition transition
since they associate with increased NCD risk [3]. Some aspects of the Healthy Transitional pattern in
our study resembles the “Prudent” or “Healthy” dietary patterns commonly reported in upper-middle
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income [11,32] or HICs [33]. This pattern reflects a shift from a traditional diet (carbohydrate based) to
one that is high in dietary quality and diversity. Unlike the “Western Diet”, the Healthy Transitional
pattern is associated with reduced NCD risk [33]. The Traditional dietary pattern is similar to the
“Traditional” or “Carbohydrate” diet patterns reported in LMICs, with intakes high in dietary starches
and low in dietary diversity [17,34].
In agreement with previous studies from upper-middle income countries [6,11,35] and
HICs [13,36], we found that having a high SEP was associated with healthier and more diverse
dietary patterns that reduce NCD risk. For example, women who earned a higher income were less
likely to consume a traditional diet. Although the Traditional diet does offer various vitamins and
minerals, it is also low in dietary diversity and high in starchy glutinous rice, which has been found
to increase metabolic disease risk in Asian populations [17,37]. Although the association was not
statistically significant, men who earned a higher income were more likely to consume a Healthy
Transitional diet, characterized by the consumption of milk and brown rice, which are both associated
with reduced risk of T2DM [38,39]. These findings support the nutrition transition theory that states
that negative health behaviours reverse in the final stages of the transition and that this occurs first in
high-SEP individuals [40]. Indeed, Thailand now has one of the highest gross national incomes (GNIs)
among upper-middle income countries [14]. Younger Thais may already be exhibiting a “cultural
resistance” to consuming western fast-food diets, with a higher resistance being reported among those
with a higher education level [41]. Our findings highlight the need for public health efforts to target
the promotion of healthy eating in low-SEP Thai adults.
Education was associated with the lower consumption of unhealthy dietary intake in both men
and women, but in men, this effect was modified by income. Previous studies have found that
income and education may have independent roles in dietary intake and health outcomes like obesity,
and that in women, education has a stronger protective role than income [42–44]. In this cohort all
of the participants had at least begun a university degree. Therefore, it may be that an independent
association with education in men would only be apparent if there was larger variance in education
levels between groups.
We found that female participants in this study consumed a lower proportion of high fat and
highly processed foods (e.g., sugar sweetened beverages and fatty meat) than men. This finding has
been consistently reported in the literature [11,45,46] and may be due to women’s concerns with weight
loss and body size [47]. However, women tend to adopt health promoting behaviours and better health
outcomes more rapidly than men [48]. This sex-specific finding also reflects what commonly occurs in
middle-income countries as they progress along the nutrition transition. Such a difference in men and
women is well-recognized and healthy eating should be promoted in Thai men.
In both sexes, urban residence was associated with consumption of a greater diversity of foods
(e.g., higher meat consumption and lower rice consumption), but also with foods that have been
shown to increase NCD risk in previous studies, a common finding in LMICs [3]. We also found
that in Thai women, migrating from a rural residence to an urban residence was associated with
consuming an unhealthy diet. This could relate to the greater availability of highly processed and
unhealthy foods in urban areas that may not be as widely available in rural areas. Indeed, in Thailand,
the association between urbanization and NCD-promoting dietary patterns has been attributed to
growth of the modern food retail sector (e.g., western supermarkets, convenience stores) in urban
areas [49]. Over the past two decades, the rapid growth of the modern food retail sector has led to
a substantial decrease in the number of fresh markets that are available in urban areas, including
Bangkok [49,50]. Unlike fresh markets that sell fresh foods, modern food retailers sell inexpensive and
highly processed food items and these are considered to be “more fashionable” than the traditional
Thai food retail sector [51]. Increasing access to affordable and healthy food in urban areas should be
considered a priority as part of the national NCD control efforts.
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5. Conclusions
In this prospective nationwide study of Thai adults, we found strong and coherent evidence that
socio-demographic factors are associated with dietary patterns. Our findings suggest that Thai adults
are exhibiting an increasingly “developed” country pattern of diets with an increasing SEP. Thai policy
makers need to promote consumption of a healthy diet, particularly in urban residents, in men, and in
low-SEP Thai adults as a central part of the national NCD control efforts, especially for the prevention
of T2DM and cardiovascular diseases.
Supplementary Materials: The following are available online at www.mdpi.com/2072-6643/9/11/1173/s1,
Table S1: Food items and food groups derived from the food frequency questionnaire, Table S2: Participants
versus non-participants in the 2015 TCS dietary survey.
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   Supplement 1: Food items and food groups derived from the food frequency questionnaire 
Food group FFQ food items 
Meat Beef, pork, chicken, duck meat without skin 
Fatty meat Beef, pork, chicken or duck with added skin 
Processed meat (fatty) Processed meat  high in fat (i.e. sausage) 
Processed Meat (salted) Processed meat high in salt (i.e. dried/salted fish or meat) 
Fish Fresh and salt water fish 
Shellfish and squid Shrimp, shellfish, crab, squid 
Animal organs Liver from pig, duck or chicken 
Egg Egg 
Beans Legumes and their products (i.e. mung, soy, tofu) 
White rice White rice 
Brown rice Brown rice 
Glutinous rice Sticky rice 
Rice noodles Rice noodles 
Wheat White bread, wholemeal bread 
Deep fried and western food Deep fried pork, Pizza, hamburgers 
Food with coconut milk Curry style dishes (i.e. Tom Kha, red curry) 
Fermented fish or soybean Fermented salted fish, fermented beans 
Chili sauce dip Chilli sauces (i.e. nam prik) 
Fruit Sweet (i.e. Papaya, lychee) and non-sweet (i.e. green apple) 
Fruit with added sugar Candied fruit, fruit paste 
Processed fruit Dried, canned, pickled 
Milk Fresh milk, yoghurt, 
Soy milk Soy milk 
Beverages Sweetened milk, soft drink, energy drinks, sports drinks 
Fruit or vegetable juice Fruit or vegetable juice 
Tea or coffee Tea or coffee 
Sweet snacks Dessert (with sweet syrup, coconut milk, yolk), baked goods  
Salt snacks (highly processed) Potato chips, Instant noodles 
Bamboo shoots Bamboo shoots 
Vegetables Vegetables 
- 139 -
  Supplement 2: Participants versus non-participants in the 2015 TCS dietary survey 
Characteristics in 2013 Non-participants* 
n (%) 
Participants* 
n (%) P value** 
Total 1310 (55%) 1090 (45%) 
Sex 0.37 
Men 572 (43.7) 496 (45.5) 
Women 738 (56.3) 594 (54.5) 
Age years <0.001 
  Under 30 91 (7.0) 52 (4.8) 
30-39 629 (48.0) 450 (41.3) 
40 or over 590 (45.0) 588 (54.0) 
Body Mass Index 0.66 
<23.0kg/m2 632 (48.8) 548 (50.6) 
23.0-<25.0 kg/m2 298 (23.0) 236 (21.8) 
>25.0 kg/m2 366 (28.8) 300 (27.7) 
Residence 0.95 
Rural 576 (44.4) 481 (44.5) 
Urban 721 (55.6) 599 (55.5) 
Education <0.01 
No university education 311 (23.9) 199 (18.3) 
University education 989 (76.1) 886 (81.7) 
Occupation 0.51 
Manual worker 192 (16.2) 142 (14.6) 
Office assistant 421 (35.5) 323 (33.2) 
Skill worker 66 (5.6) 57 (5.8) 
Professional 328 (27.6) 294 (30.2) 
Manager 190 (15.2) 158 (16.2) 
Income 0.18 
<10,000 291 (22.6) 246 (22.7) 
10,001-20,000 486 (37.7) 380 (35.1) 
20,001-30,000 305 (23.6) 246 (22.7) 
>30,001 208 (16.1) 210 (19.4) 
*Numbers may not add to total sample size due to missing responses for some characteristics
**χ2 comparing each baseline characteristic by participation status
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8 Discussion and conclusions
8.1 Overview
The body of work included in this thesis contributes to our understanding of the 
epidemiology of the emerging type 2 diabetes mellitus (T2DM) epidemic in Southeast 
Asia. It has adapted an eco-social model to identify potential local risk factors and 
investigate their actual associations with T2DM in the Thai population. This final chapter 
provides a synthesis of the key results presented in Chapters 3-7.  
Section 8.2 reviews the findings and explores the implications; at the end of this section 
Table 8-1 is inserted as a matrix that connects the research questions, hypotheses, and 
objectives to the findings and implications. The subsequent Section (8.3) highlights the 
strengths and limitations of this research. The public health significance of this work is 
then discussed in Section 8.4 along with priorities for future research in this area (Section 
8.5) and the overall conclusions (Section 8.6). 
8.2 Key findings and implications
In this section of the discussion I summarize the key findings presented in the five 
published papers reproduced in Chapters 3-7. Focused on Thailand, these findings cover 
the validity of self-report, incidence and trends of T2DM, and its multi-level risk factors 
including emerging dietary patterns. As the findings and implications are considered, 
propositions are advanced to explain the noted trends or suggest specific actions. 
8.2.1 Validity of self-reported doctor-diagnosed T2DM in Thai adults
The validation study of self-reported doctor-diagnosed incident T2DM in Thai adults 
participating in the Thai Cohort Study (TCS) was presented in Chapter 3. Overall, 82% 
of those who self-reported diabetes were confirmed to have doctor-diagnosed diabetes 
and 78% were confirmed to have doctor-diagnosed T2DM. Of those who reported having 
diabetes in two waves of follow-up, 96% were confirmed to have T2DM, based on 
physician diagnosis. The high accuracy of self-reported T2DM among TCS participants 
is consistent with findings from Caucasian populations, including studies conducted in 
highly educated cohorts (Field et al., 2001, Hu et al., 2001). Self-report in our cohort was 
more accurate than that reported in the few studies carried out in Asian cohorts (Goto et 
Chapter 8: Discussion and conclusions 
al., 2013, Wu et al., 2000). The higher accuracy in our study is likely to be related to the 
make-up of our cohort. Unlike the few available Asian-based studies, our cohort is 
relatively young and has higher levels of attained education, two characteristics that have 
been reported to be associated with higher accuracy of T2DM self-report (Molenaar et al., 
2007). In the TCS, the proportion of confirmed self-reported diabetes cases did not vary 
by socio-demographic characteristics, but the proportion of confirmed self-reported 
T2DM was lower in young women. Most of these TCS women were found to have had 
gestational diabetes and this suggests that studies which include young women should 
ask whether self-reported diabetes was related to pregnancy. 
Despite differences in cohort structures and the methods used to validate self-reported 
diabetes in our study and in other validation studies, the general finding across studies is 
that the validity of self-reported diabetes is high (Goldman et al., 2003, Huerta et al., 2009, 
Wu et al., 2000). T2DM self-report is a valid method for assessing new cases of T2DM 
in Thai adults. This low cost method will be useful for assessing the trends and 
determinants of T2DM in the Thai population.  
Proposition 1: 
Self-reported doctor-diagnosed T2DM is a suitable low cost method to track trends 
and determinants in young to middle-aged, educated Thai adults. 
8.2.2 Incidence and risk factors for T2DM in Thai adults 
The research on T2DM incidence, SSBs, BMI, and dietary patterns adds to the knowledge 
base on the epidemiology of T2DM in Southeast Asia. Results are discussed together, 
organized according to the adapted eco-social model which connects incidence trends to 
risk factors in multiple levels. 
8.2.2.1 T2DM incidence 
The incidence of T2DM in the TCS over an eight-year period between 2005 and 2013 
was 177 per 10, 000 (95% CI 164 to 190). Comparisons with other estimates for Thailand 
and for other countries are difficult because of potential differences in population 
sampling, age structures, attrition and diagnostic methods. However, our sex and age-
specific estimates suggest that the incidence of T2DM in TCS members is higher than 
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Caucasian populations from North America (Geiss et al., 2014, Lipscombe and Hux, 2007) 
and Europe (Chevreul et al., 2014, Holden et al., 2013, Bonora et al., 2004). TCS findings 
on T2DM incidence are comparable to reports for populations from LMICs including 
Bangladesh (Asghar et al., 2011), China (Hsu et al., 2012), the Philippines (Karter et al., 
2013), and Iran (Janghorbani and Amini, 2012). Notably, TCS estimates are lower than 
reported rates for Indigenous populations (e.g. Pima Indians) (Pavkov et al., 2007), 
Pacific Islanders (Karter et al., 2013), Mauritians (Söderberg et al., 2004), and South 
Asian populations from India (Lele, 2008). 
Overall, all these findings are not surprising given that in recent years T2DM incidence 
rates in HICs in the west including the UK, Denmark, Italy and the US appear to be 
stabilizing (Jaacks et al., 2016, Maruthur, 2013) while rates in LMICs (including Thailand) 
have been increasing. Several published reports suggest that the plateauing trends in 
incidence rates in HICs relate to increased public health efforts and shifts in the 
prevalence of underlying risk factors in the population (e.g. decreases in SSB 
consumption in recent years) (Gregg, 2017). While it is likely that some of the rate 
increases noted in LMICs are due to increased surveillance of T2DM and improved 
survival in those with T2DM, the changing risk factors identified in this study (including 
urbanization, aging, obesity, and lifestyle behaviours) are likely to be the major 
contributors for this increase (Maruthur, 2013). 
In the TCS, a higher incidence of T2DM (p<0.001) was noted in men (249 per 10 000 in 
men versus 119 per 10 000 in women). This is consistent with the higher incidence in 
men noted in three previous Bangkok-based incidence studies and with other studies from 
both LMIC and HICs (Asghar et al., 2011, Chen et al., 2012b, Bonora et al., 2004). 
Different sex-specific T2DM findings have been reported in the National Health and 
Examination Surveys (NHES) in Thailand (conducted between 1991 and 2014) with a 
higher prevalence of T2DM noted in women (Aekplakorn et al., 2016).  However, in the 
most recent NHES, Thai women with high levels of education had a lower prevalence of 
T2DM than highly educated men (Aekplakorn et al., 2016). As noted in the TCS, 
continued economic development may protect against T2DM and may benefit women 
before men. 
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Proposition 2: 
TCS women are already experiencing lower rates of T2DM than their male 
counterparts. This trend is likely to expand in the population as Thailand 
progresses through the health-risk transition. 
8.2.2.2 Biological risk factors 
BMI was the largest risk factor for T2DM in the TCS. Indeed, two-thirds of all T2DM 
cases in the TCS could be attributed to overweight and obesity. Direct population 
attributable fraction comparisons across populations are difficult due to differences in the 
prevalence of overweight and obesity, T2DM rates, BMI cut-points, and variables 
included in the models. Nevertheless, our findings are relatively consistent with the few 
studies that have assessed the proportion of T2DM cases attributed to overweight and 
obesity in HICs (Davin et al., 2012, Laaksonen et al., 2010). Reducing the prevalence of 
obesity in Thai adults could greatly reduce the rise of T2DM incidence in the Thai 
population. I estimated that a hypothetical 5% reduction in the prevalence of obesity 
(BMI >25 kg/m2) would result in a reduction of some 13,000 cases (about 13%) of T2DM 
annually in the national Thai population (Chapter 6). 
Age and BMI associations with T2DM in TCS participants differed to findings from 
Caucasian populations. For example, risk of T2DM in the TCS increased at a relatively 
low age (odds of T2DM when aged 30-39 were already doubled - Chapter 4) and was 
much higher than the T2DM risk reported at the equivalent BMI levels in Caucasian 
populations (Misra, 2015, Hsu et al., 2015, Aekplakorn et al., 2006b, Chiu et al., 2011). 
This is consistent with studies conducted in Asian cohorts (Chiu et al., 2011, He et al., 
2015). Compared to a reference of 20.00 kg/m2, T2DM risk was increased with a BMI of 
21.60 kg/m2 and 20.03 kg/m2 in Thai men and women, respectively. Differential 
associations between body size and T2DM risk for Asian and Caucasian populations may 
reflect ethnic differences in body composition (Deurenberg et al., 2002). Compared with 
Caucasians, for body composition, Asians are ‘metabolically-disadvantaged’, with lower 
lean mass and higher abdominal and visceral fat (Chan et al., 2009). Indeed, at any given 
BMI, Asians are likely to have more abdominal and visceral adiposity than Caucasians 
and thus an increased risk of insulin resistance and T2DM (Deurenberg et al., 2002).   
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Epigenetic programming may also play a role in predisposing Asian populations to 
greater deposition of visceral fat (Chan et al., 2009). Indeed, babies under-nourished in 
utero experience ‘catch up growth’ later in life and this has been associated with a 
predisposition to storing visceral fat and increased insulin resistance at lower levels of 
body weight (Yajnik, 2004, Tchernof and Després, 2013). Asian populations have 
experienced many generations of under-nutrition before experiencing the accelerated 
nutrition transition currently underway in much of developing Asia. As a result, some 
Asian populations may be increasingly predisposed to storing visceral fat and having 
increased insulin resistance at low levels of adiposity (Orsini and Greenland, 2011, Chan 
et al., 2009). Furthermore, potential effects of epigenetic programming may be 
particularly intensified when there is a strong mismatch between intrauterine environment 
and later life environments (Li et al., 2010), such as the obesogenic environment that is 
wide spread in Thailand today. 
Sex also played a role in the BMI-T2DM association in TCS members. As in previous 
studies (Abdullah et al., 2010, Huerta et al., 2013) it was found that for a given level of 
BMI, T2DM risk was substantially higher in TCS women (p<0.05). This sex-specific 
finding may relate to differences in body composition and hormones between men and 
women (Ding et al., 2006). For instance, men have higher concentrations of testosterone 
than women and testosterone has been associated with increased lean body mass and 
decreased adiposity. Moreover, testosterone plays a role in decreasing inflammatory 
cytokines, and thus may help with decreasing insulin resistance (Ding et al., 2006). 
Overall, the BMI findings from this thesis suggest there is a need to use lower BMI cut-
points to define T2DM risk in Southeast Asia. A BMI cut-point of 22 kg/m2, one point 
lower than the current 23 kg/m2, could be justified for defining T2DM risk in Thai adults. 
In addition, healthy weight should be promoted differently in Thai men and women. This 
could include using different BMI thresholds for Thai men and women when calculating 
a diabetes risk score. 
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Proposition 3: 
T2DM risk associated with body size in the Thai population could be operating at 
a lower BMI than currently accepted. If confirmed, the recommendations for 
relating BMI to T2DM risk need to change.  
8.2.2.3 Behavioural risks 
The TCS men are engaging in more of the adverse lifestyle behaviours that associate with 
T2DM risk compared with the women. For example, the men have a higher prevalence 
of smoking, are less physically active, and consume alcohol and unhealthy foods regularly 
(p<0.001); these behaviours are all associated with increased weight gain, insulin 
resistance and poor cardiovascular health (World Health Organization, 2016). Conversely, 
for Thai women in our study, smoking and alcohol consumption is uncommon while the 
consumption of healthy foods is widespread. This is also a common finding in the 
literature and may relate to women’s concerns with weight (Wardle et al., 2006) and/or 
to social or cultural norms (Pampel et al., 2010). As well, evidence from upper-middle 
income countries including Iran (Rezazadeh et al., 2010),  Brazil (Arruda et al., 2014), 
China and Mexico (Monteiro et al., 2004) suggests that women tend to adopt healthy 
behaviours more rapidly than men (Monteiro et al., 2004) and that this occurs at the later 
stages of the health-risk transition. This is well recognized and thus, given our findings, 
public health interventions need to target T2DM risk factors differently in Thai men and 
women. As part of this health promotion work, healthy eating and cessation of smoking 
and alcohol consumption should be promoted in men. In addition, trends in smoking and 
alcohol consumption in women should be monitored to ensure that low rates are 
maintained. 
The men in this cohort also had a higher consumption of sugary-sweetened beverages 
(SSBs) than the women (p<0.001). Despite, the higher exposure in men, consumption of 
SSBs was only associated with increased risk of T2DM in women. Other studies have 
also shown that frequent SSB consumption increases T2DM risk in women (Palmer et al., 
2008, Schulze et al., 2004, Eshak et al., 2013). Most studies have found significant 
associations between SSB intake and increased T2DM risk and those that have not were 
either conducted in older cohorts or only in men (Malik et al., 2010). SSB consumption 
is less common in older populations so it is possible that the prevalence of consumption 
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was too low to detect an association. It may be that this sex-specific association is 
explained by women’s lower energy needs (Wolfe, 2006). Women generally have less 
muscle mass than men and thus lower energy needs so similar SSB intakes in men and 
women would contribute to a larger proportion of women’s energy intakes (Eshak et al., 
2013). Therefore, it is possible that any association between SSBs and T2DM in men is 
only apparent at very high levels of SSB consumption.  
While it might be expected that SSBs contribute to T2DM risk by boosting caloric intake 
and increasing BMI, we found that obesity only mediated a moderate proportion (23%) 
of the association between SSB intake in 2005 and T2DM incidence in 2013 in women. 
These findings are consistent with what has been reported in Caucasian populations 
(Fagherazzi et al., 2013, De Koning et al., 2011b) and one other Asian population 
(Odegaard et al., 2010) and suggest that SSB intake increases the risk of T2DM 
independently of weight gain and obesity in Thai adults. High glycaemic loads from SSBs 
may lead to repeated high insulin demand and this can contribute to compromised beta 
(β) cell function (Ludwig, 2002). This SSB effect may be compounded in LMIC Asian 
adults who may have experienced under-nutrition during early life. They may have under 
development of β cell mass increasing risk of T2DM later in life independently of weight 
gain or obesity (George et al., 2015), particularly with exposure to high energy dense 
foods like SSBs (Ma and Chan, 2013, Li et al., 2010). 
I estimated that about 1% of T2DM in men and 5% in women could be attributed to daily 
SSB intake. Assuming that the association between SSB intake and T2DM is causal an 
estimated 1500 T2DM cases in men and 2700 in women per year that may have been 
prevented in the national Thai population if daily SSB consumption was avoided. Similar 
findings have been reported in Caucasian populations with population attributable 
fractions ranging from 3.9% to 12.9% (Imamura et al., 2015).  
These thesis results highlight the need for public health efforts to promote the reduction 
of SSB consumption in the national Thai population, particularly in women. The local 
evidence can guide public health efforts aimed at preventing increasing T2DM incidence 
in Southeast Asian populations. As SSBs have no nutritional value and do not protect 
against disease they are an ideal target for public health efforts. Taxing SSBs, banning 
SSB promotion, and public education programs are useful measures to reduce the 
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consumption of sugary drinks (Popkin and Hawkes, 2016) and have been shown to be 
successful in reducing tobacco consumption in Thailand (Sangthong et al., 2011) and 
globally (Scollo et al., 2003). Thailand has very recently brought in a sugar tax and the 
findings from this work were used as part of the local evidence to advocate for this tax. 
Proposition 4: 
Interventions for epidemic T2DM in Thailand should target SSBs, smoking, 
alcohol consumption, and unhealthy diets using Thai experience in health 
promotion. 
8.2.2.4 Socio-demographic risks 
The multi-level eco-social model I used to assess the upstream risk factors for T2DM in 
the Thai adults involved in the TCS included several socio-demographic measures. These 
were area of residence during childhood and at 2005 baseline, change in area of residence 
over the eight-year follow-up, education, occupation, and personal monthly income. 
Examination of the associations between area of residence and T2DM risk showed that 
for both sexes, living in an urban area of residence increased the risk of having unhealthy 
dietary patterns and T2DM. Research from India, China, Bangladesh, Malaysia, Vietnam, 
the Philippines, and Iran have all found that urbanization is associated with increased risk 
of T2DM (Asghar et al., 2011, Harati et al., 2009, Chen et al., 2012b, Soria et al., 2009). 
It is likely that the association between living in an urban area of residence and T2DM 
risk reflects the greater exposure to various T2DM risk factors found in urban settings. 
For example, the rapid growth of the modern food retail sector has led to a substantial 
decrease in the fresh food markets available in urban areas and a large increase in the 
number of retail outlets that sell highly processed and inexpensive food items (Kelly et 
al., 2015). Furthermore, living in an urban residence has been associated with decreased 
physical activity, increased use of labour saving devices, higher rates of smoking, and 
greater alcohol consumption (Lim et al., 2009). Urban area of residence is a considerable 
risk factor for T2DM in Thai adults and therefore public health efforts aiming to control 
the T2DM epidemic in Thailand will need to ensure the urban environments are suitable 
for promoting the health of urban Thais. This may require further research to assess which 
aspects of urban planning policies that have been used in other countries (Rydin et al., 
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2012) can be best adapted and implemented to promote the health of the urban residents 
in Thailand.  
Proposition 5: 
Increasing access to healthy food in urban areas will help to improve dietary 
patterns and reduce T2DM. 
One of the striking findings from the work in this thesis was that different socio-economic 
factors were associated with T2DM risk in men and women. In men, but not in women, 
higher income and education were associated with increased T2DM risk. Conversely, in 
women, high SEP was associated with lower T2DM risk (Chapter 4). Moreover, we found 
that in women, having a high paying occupation and a high monthly income were 
associated with consuming a healthier diet, while in men these associations were less 
clear (Chapter 7). Education was associated with lower consumption of unhealthy foods 
in men and women, but in men this effect was modified by income. Previous studies 
suggest that income and education may have independent roles in dietary intake and 
health outcomes and that in women, education has a stronger protective role than in men 
(Monsivais and Drewnowski, 2009, Araujo et al., 2014, Monteiro et al., 2004, Monteiro 
et al., 2001). 
Thai Cohort Study women are exhibiting ‘developed country’ dietary patterns and 
decreasing T2DM risk with increasing SEP, while men are exhibiting a ‘developing 
country’ pattern of increasing risk of T2DM with increasing SEP. As well, a lower 
prevalence of T2DM is already being noted among Thai women with high levels of 
education in the latest NHES (Aekplakorn et al., 2014). These findings support the 
nutrition and epidemiological transition theories that suggest that as a country enters the 
later stages of economic development, negative health behaviours reverse, and this occurs 
first in high-SEP individuals (Popkin and Gordon-Larsen, 2004). Our findings also 
suggest that public health interventions should target T2DM risk factors differently in 
Thai men and women. 
A growing body of literature from upper-middle income countries suggests that as LMICs 
enter the later stages of economic development, the SEP-obesity relationship (Monteiro 
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et al., 2001, Soria et al., 2009, Yoon et al., 2006, Monteiro et al., 2004, McLaren, 2007, 
Pampel et al., 2012), and the social patterning of dietary intake reverses. Then higher 
levels of obesity and unhealthy consumption transfer to low SEP individuals, as seen in 
developed countries (Mayén et al., 2014), and this occurs in women first.  
Proposition 6: 
Targeting the risk factors identified in proposition 4 differently in men and women 
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8.3 Strengths and limitations 
The associations observed in this work need to be considered within the potential 
limitations of the methods and data used in this thesis. As highlighted in Chapter 2, all 
T2DM outcome data were ascertained using self-report. Therefore, there may have been 
some misclassification of T2DM. Indeed, we found that ascertaining T2DM through self-
report led to some error in the classification of cases, resulting in an over estimation of 
T2DM incidence as shown in Chapter 3. However, the findings from our diabetes 
validation study suggest that the validity of T2DM self-reports were high and that 
misclassification of self-report became negligible (4%) once two waves of self-report data 
were considered.  
The method used to confirm self-reported T2DM was physician telephone interviews, a 
method that may not be considered as the ‘gold standard’. Accessing medical records that 
contain blood measures may have been a better method for confirming self-reported 
doctor-diagnosed T2DM but to do this we would have needed to gain access to medical 
records from across numerous health facilities and health professionals across Thailand. 
This was not feasible for such a large nationally dispersed cohort. For this thesis, we 
validated T2DM based on self-report of doctor-diagnosed T2DM using physician 
telephone interviews. This method may have resulted in some misclassification. 
Participants who have been told by a doctor that they have T2DM, and are probably 
treating their condition, would be more likely to remember their health condition and 
report their health status. As well, participants with diabetes who have not been diagnosed 
with T2DM by their doctors will report not having doctor-diagnosed T2DM. This would 
lead an under estimation of T2DM incidence. However, this is unlikely to have a large 
effect on T2DM trends and associations over time. People with undiagnosed diabetes are 
most likely to be at an earlier point in the natural history of this chronic disease but with 
the same risk factors as those manifested after diagnosis. 
All exposure data were collected using self-report. Therefore, there may be some 
misclassification of the exposure measures. For instance, studies of self-reported weight 
and height have consistently found that self-reported height is commonly over estimated, 
while self-reported weight is often under estimated (Connor Gorber et al., 2007). Such 
misclassification of weight and height is likely to lead to an under estimation of BMI. 
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Misclassification of overweight and obese individuals into lower BMI categories would 
likely bias associations of BMI with increasing T2DM risk (Spencer et al., 2002). 
However, this misclassification is more common among older individuals and those with 
a larger body size. TCS participants are on average younger and have smaller body size 
than the national Thai cohort. Furthermore, validation studies that were conducted for 
some exposure variables in the cohort (i.e. height and weight) showed that self-report data 
in TCS participants were accurate and reliable (Lim et al., 2012). 
Compared with the national Thai population, our cohort is younger, has higher levels of 
education, and a higher proportion of adults living in urban areas. Therefore, it is possible 
that the high validity of self-reported doctor-diagnosed diabetes in our cohort may be less 
applicable to the national population, which on average is older and has a lower level of 
attained education. Furthermore, the younger age of our cohort may have led to a lower 
overall T2DM incidence than in the national population. However, we expect that our 
age-specific rates are likely to be more generalizable than the overall rates. 
Given that all the data used for this research were observational, residual confounding 
from unmeasured factors may be of concern. For example, SSB consumption, alcohol 
intake and smoking may be measured markers of an overall unhealthy lifestyle. Some of 
the effects of these exposures on T2DM risk in our study may be due to unmeasured 
confounding by other factors that associate with an unhealthy lifestyle. However, TCS 
investigators collected information on many potential confounders and these were 
considered during analyses. Moreover, the findings are consistent with the literature. 
Loss to follow-up was substantial with about 50% of the baseline cohort followed up in 
2013. Participants who were younger, had a lower BMI, had lower levels of education 
and income, who consumed SSBs regularly, and who smoked regularly at baseline were 
less likely to complete the two waves of survey follow-up. However, the actual 
differences in the drop-outs compared to participants was not large. Loss to follow up of 
participants with a lower T2DM-risk profile (young and underweight participants) may 
have led to selection bias, due to a higher retention of participants who are older and have 
larger body sizes. Higher retention of older participants and those with a larger body size 
may have led to some minor over-estimating of T2DM incidence. Conversely, loss to 
follow up of participants with a higher T2DM-risk profile (regular smokers and regular 
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SSB consumers) may have led to selection bias, due to a higher retention of participants 
who did not smoke and who did not consume SSBs regularly. Greater retention of 
participants who did not smoke and did not consume SSBs regularly may have led to an 
under estimation of T2DM incidence. However, it is likely that the effects of attrition on 
our relative estimates are small because participants who were lost to follow up in 2009 
and/or in 2013 were similar in many respects, including their dietary behaviours (e.g. fruit, 
vegetable, and alcohol consumption), sex, and area of residence at baseline. Furthermore, 
the associations between BMI, SSB consumption, smoking, age, income and education 
with T2DM in the first four years (70% retention of baseline cohort) were similar to those 
for the eight-year follow-up (50% retention) indicating that bias was unlikely to have 
affected our results to a great extent.  
Our data suggest that the probability of being followed-up in 2013 was associated with 
participants’ baseline characteristics. It is likely that we lost contact with some cohort 
members because of the ‘healthy volunteer’ effect commonly reported in cohort studies 
(Webb and Bain, 2010) and/or because they would have graduated from the University 
and moved for employment opportunities. Because our cohort is younger, it is unlikely 
that many participants would have passed away or become too ill from T2DM to be 
followed-up, making it unlikely that attrition was the result of incident T2DM in this 
cohort. 
Major strengths of this research include its cohort size, nationwide coverage, and 
longitudinal design. Previous studies have attempted to assess the burden and drivers of 
the emerging T2DM epidemic in transitioning Southeast Asian populations but most have 
been cross-sectional, limited in size, and/or mostly focused on assessing lifestyle 
behaviours. This research used a multi-level eco-social model to assess the upstream 
(geographical and socioeconomic) and downstream (behaviours including smoking, 
alcohol consumption, sugary beverage consumption, and increasing levels of overweight 
and obesity) factors driving the T2DM epidemic in Thailand. The prospective data and 
longitudinal design of this study with multiple repeated measures of exposures and 
confounders enabled calculation of T2DM incidence and investigation of local 
environmental and behavioural factors creating the T2DM risk.  
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Paradoxically, one of the main strengths of this research lies in one of its limitations - the 
differences between the characteristics of the adults involved in the TCS and the national 
Thai population. Thai Cohort Study participants are ideal for studying the effects of 
changing health-risks on T2DM. Although they represent the national population well in 
terms of geography and socio-economic status, they are also embracing the socio-
economic changes underway in Thailand ahead of their fellow Thais. Indeed, rising 
education levels and rapid urbanization are major components of the health-risk transition, 
and these adults are already more urbanized and more educated. The findings from this 
thesis provide useful foresight regarding future national trends in T2DM and give a better 
understanding of the multi-level drivers of the T2DM epidemic in Thailand. Identified 
T2DM health-risks from this research will also likely benefit other Southeast Asian 
countries in the region, where data may be sparse, by helping them to develop appropriate 
public health interventions and policies to prevent T2DM and as they move through a 
similar health-risk transition. 
8.4 Public health significance 
The number of people living with T2DM in LMICs in Southeast Asia has reached 
epidemic proportions and is expected to keep rising with increasing life expectancy. 
Rapid economic growth, urbanization, and environmental changes are leading to an 
increased prevalence in health-risks including the increased consumption of highly 
processed food items, decreased levels of physical activity, and overweight and obesity. 
Identifying local-risk factor dynamics of the T2DM epidemic in developing Southeast 
Asian countries is necessary to produce the information needed to reduce the disease 
burden and prevent additional increases.  
Thailand has one of the most influential economies in the Southeast Asian region, rapid 
urbanization rates, and a growing T2DM epidemic. I adapted an eco-social model to 
assess T2DM multi-level drivers. The health-risk factors included in the model capture 
the complex interplay between the distal or ‘upstream’ determinants (including 
geographical and socioeconomic) and the proximal or ‘downstream’ determinants 
(including age, BMI, and health behaviours) of T2DM in the Thai population. Indeed, 
results from this research show that downstream, transitional behaviours (including 
smoking, alcohol consumption, sugary-beverage consumption, and increasing levels of 
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overweight and obesity) are increasing T2DM risk. As well, upstream socio-demographic 
changes (including area of residence, occupation, and income levels) are affecting T2DM 
risk by interacting with downstream risk factors. For example, living in an urban area of 
residence associated with higher consumption of unhealthy dietary patterns in Thai men 
and women and the effect of an urban residence on T2DM appeared to work primarily 
through obesity. These associations demonstrate the links between behaviours, health-
related outcomes, environment, and T2DM risk in Thailand.     
Using a number of epidemiological methods, this body of research has provided new 
information on T2DM risk factors in Southeast Asian populations. Using restricted cubic 
splines (Chapter 6), this research found that the risk of T2DM in Thai adults was already 
increased at BMI levels considered to be in the healthy range for Asian populations. This 
information is very significant for Thailand, and provides local evidence of the need to 
use lower BMI cut-points when defining T2DM risk in public health policy and practice. 
Furthermore, by using a counterfactual mediation analysis to decompose the SSB-T2DM 
association (Chapter 5), this research provided evidence that SSB intake increases the risk 
of T2DM in Asian populations, both through and independently of weight gain or obesity. 
This information has refined and expanded local evidence for advocacy and was provided 
for the Thai government during discussions about an excise tax on sugar, which was 
implemented in September 2017. 
8.5 Where to next 
This work has identified the modifiable risk factors that need to be targeted to control the 
widespread T2DM epidemic in Thailand. It has also identified current knowledge gaps 
and additional research opportunities in this area. 
Three transitional dietary patterns were identified that differed to the traditional Thai diet 
in TCS members. Given the substantial role that diet has for the control of blood sugar, 
further research is required to determine how these emerging diet patterns, and their 
temporal trajectories, associate with T2DM risk; and what aspects of this dietary change 
may be beneficial for preventing T2DM.  
As discussed in Chapter 5, targeting SSB consumption can help prevent a national 
increase in the incidence of T2DM. Political measures like taxation have been 
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implemented in other countries as a form of targeted action to reduce the consumption of 
SSBs and very recently in Thailand. Previous performance of the Thai government in 
banning tobacco promotion has been successful for reducing tobacco use (Sangthong et 
al., 2011) and this experience suggests that parallel actions would be feasible for reducing 
SSB consumption. Further research is required to assess the effect of the newly 
implemented sugar tax on reducing SSB purchase and consumption in Thailand. 
The findings from this work indicate that the women in this cohort appear to be at the 
later stages of the health-risk transition, as is commonly seen in high-income countries. 
Why women adopt health-promoting behaviours more rapidly than men in LMICs has 
not yet been determined. Further work is required to assess the determinants of adopting 
health-promoting behaviours in LMIC men and women.  
We hypothesize that the large associations between BMI and T2DM in Thai adults may 
in part be explained by ethnicity, but may also relate to the prolonged exposure to living 
in an urban area, and the large mismatch in environments for adults who were under-
nourished during their early life. There are limited data on T2DM incidence in Thai 
children and adolescents in Thailand. Thai children and adolescents growing up in 
Thailand’s current economic state are likely to have been adequately nourished in-utero 
and to have experienced a similar environment in utero and in early life. Therefore, 
assessing T2DM and its risk factors in this younger group will help shed light on the body 
size-T2DM associations in Asian populations. This will help us to understand how much 
of the very large BMI-T2DM association in this population may be due to the effects of 
foetal programming, and/or to the effects of environment rather than ethnic predisposition 
to body composition. Data from a younger group will also help to identify ideal 
intervention points throughout the life course. 
Thai food culture and knowledge is highly valued among Thai nationals and a ‘cultural 
resistance’ to western food products has already been identified among younger Thai 
adults with higher education levels (Seubsman et al., 2009). Further research is required 
to assess how pride in Thai culture can be utilized to devise a sustainable T2DM public 
health intervention for Thai adults. 
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8.6 Conclusions 
The findings from this thesis contribute to better understanding of the epidemiology of 
T2DM emerging in Southeast Asia. Type 2 diabetes mellitus incidence in Thailand is 
high and the health-risk transition appears to be in its middle stages. With rapid 
urbanization and the prevalence of health-risk behaviours and obesity continuing to grow 
in Southeast Asia, we can expect that T2DM incidence will increase in the coming 
decades, with the majority of the growing burden occurring in men and in those with a 
low socio-economic position. The spread of the T2DM epidemic to these groups will have 
substantial implications for Thailand’s health care system and economic development.  
Additional interventions are needed to address the risk factors evaluated in this research. 
Interventions should include the promotion of the reduction in smoking and alcohol 
consumption (particularly in men) and SSB consumption (particularly in women). This 
can be done through policy (e.g. taxation), advertising restrictions and/or through public 
education programs. Furthermore, lower BMI-cut points could be used to define T2DM 
risk in Thai adults. Public health action targeting the identified risks from this work is 
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Chapter 10 contains the seven appendices that support this thesis.
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10.1 Appendix A – Validation study documents 
Participant Information Sheet (English) 
Dear Thai Cohort Study member, 
My name is Keren Papier and I am a PhD student at the National Centre for Epidemiology 
and Population Health in the Research school of Population Health at the Australian 
National University. I am a qualified public health nutritionist who is interested in 
researching how diet affects health, particularly diabetes. You have been sent this 
information sheet to tell you about a small study that I am conducting with members of 
the Thai Cohort Study team to try to better understand what is causing the rise in diabetes 
cases in Thailand.  
Project Title: Risk factors for type 2 diabetes mellitus in transitional Thailand 
Diabetes is becoming a big problem in Thailand and we want to use information from the 
Thai Cohort Study (TCS) to understand this problem better. To help us with this, we want 
to talk to people from the Cohort who indicated in their earlier questionnaires that they 
had diabetes, as well as people who said that they did not have diabetes. We have selected 
you from among the TCS cohort members and will try to contact you by telephone over 
the next few weeks to ask if you would participate in a short 10 minute phone interview 
about your health. The information that you provide in your phone interview will help us 
to investigate diabetes among adults involved in the Thai Cohort Study 
If you take part, the information that you provide during the interview will be linked with 
your previous TCS survey data using your unique TCS study number. Our plan is to 
publish our results in publicly available journals. None of your individual information 
will be published - all results will be based on the group as a whole. The results will then 
be available on our Thai Health-Risk Transition website and you will be able to access 
them there if you are interested. 
Your participation in this interview is completely voluntary and you may withdraw from 
the study at any time prior to the preparation of the publication of the study results without 
any repercussions and it will not affect your participation in the larger Thai Cohort Study 
at all. If withdraw from this new study any information you have told us in the interview 
will be destroyed and not used by the research team. 
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What does participation in the research request of you? Your participation in this 
study will require for you to take part in a 10 minute phone interview with a medical 
practitioner who works with the Thai Cohort Study team. During the phone interview you 
will be asked to answer some general questions about whether or not you have been 
diagnosed or had tests for diabetes. Your interview will help us understand how 
accurately we are recording information about diabetes in using our mailed-out 
questionnaires.  
Location and Duration: The medical practitioner will call you from a private room at 
STOU and arrange with you to conduct the interview at a convenient time. 
Risks: The medical practitioner will be asking some questions about diabetes. Sometimes 
people can feel uncomfortable speaking about their health but we assure you that you do 
not have to answer any questions that make you feel uncomfortable. After the interview 
the information that you give us will be entered into a database identifiable only by your 
study ID number. 
Confidentiality: We assure you that all of your information will remain confidential as 
far as allowed by law. Your name and other details will never be released. All your 
personal details will be kept separate from your interview responses. Your personal 
details will be encrypted and stored in a special database with the encryption code only 
available to the data manager STOU in Thailand where the research is based. The linkage 
of your interview information and information that you have previously provided in the 
written questionnaires will be carried out by the researcher using only your personal TCS 
ID number - not your name or other details. Other researchers on the study team will be 
consulted about the analysis of the linked data however they will not have access to your 
name or contact details. The medical practitioner will not be involved in the data linkage 
and will not have access to your previous survey data. 
Data Storage: 
Where: Your interview information will be stored at STOU in Thailand in a secure office 
on the main campus with 24-hour guards on patrol.  
How long: All your interview information will be stored for at least five years following 
any publication of results. 
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Destruction of Data: At the end of the 5 year storage period the paper version of the 
interview information will be destroyed. 
Queries and Concerns: 
Contact Details for More Information: If you have any enquiries or require further 
information on this process you can contact Keren Papier, principle investigator of this 
study via email at keren.papier@anu.edu.au or using telephone number +61429473005. 
Alternatively you may also contact 
Dr Sam-ang Seubsman, supervisor and Principal Investigator of the Thai Health-Risk 
Transition study via email Sam-ang.Seubsman@anu.edu.au. Otherwise, further details 
regarding the survey itself can also be accessed from our website 
http://nceph.anu.edu.au/research/projects/thai-cohort-study. Our office is located in the 
Trisorn Building Room 10, STOU and our telephone number is +66 2504 7780. 
Overseas Contacts (if relevant): For further enquiries or should you feel any distress 
following the interview please also feel free to contact the Research and Development 
Institute of STOU which is located at Bangpood, Pakket Nonthaburi 11120: Thailand and 
their telephone number is  +66 2 504 7590 and their fax number is  +66 2504 7780. 
Ethics Committee Clearance: 
The ethical aspects of this research have been approved by the ANU Human Research 
Ethics Committee.  If you have any concerns or complaints about how this research has 
been conducted, please contact:  
Ethics Manager,  
The ANU Human Research Ethics Committee, 
The Australian National University,  
Telephone: +61 2 6125 3427  
Email: Human.Ethics.Officer@anu.edu.au 
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Participant Information Sheet (Thai)
เรียน คุณ ...... 
ท่ีอยู ่.... 
เอกสารช้ีแจงผู้เข้าร่วมการวจิัย 
ดิฉนัช่ือ Ms.Keren Papier นกัศึกษาปริญญาเอกจากมหาวิทยาลยัแห่งชาติออสเตรเลีย (National Centre for Epidemiology and 
Population Health, Research school of Population Health) และเป็นนกัโภชนาการท่ีก าลงัด าเนินงานวิจยัเก่ียวกบั 
ผลกระทบของการรับประทานอาหารต่อสุขภาพโดยเฉพาะโรคเบาหวาน  เอกสารช้ีแจงผูเ้ขา้ร่วมการวจิยัฉบบัน้ี 
เป็นเอกสารช้ีแจงรายละเอียดของงานวิจยัของดิฉนัท่ีมีกลุ่มตวัอยา่งเป็นสมาชิกของโครงการวิจยัสุขภาพ มหาวิทยาลยัสุโขทยัธรรมาธิราช (Thai 
Cohort Study) โดยมีเป้าหมายเพื่อศึกษาและเขา้ใจสาเหตุของอุบติัการณ์โรคเบาหวานประเทศไทย ภายใตง้านวิจยัช่ือ 
“ปัจจยัเส่ียงต่อโรคเบาหวานชนิด 2 ของประเทศไทยในระยะเปล่ียนผา่น (Risk factors for type 2 diabetes mellitus in transitional Thailand)” 
เพื่อความเขา้ใจท่ีดียิง่ข้ึนเก่ียวกบัโรคเบาหวานในกลุ่มสมาชิกโครงการวิจยัสุขภาพฯ 
คณะวจิยัมีความประสงคจ์ะขอท าการสมัภาษณ์สมาชิกท่ีเคยตอบแบบสอบถามท่ีผา่นมาเก่ียวกบัประวติัโรคเบาหวาน 
ทั้งท่านท่ีเป็นหรือไม่เป็นเบาหวาน โดยจะมีการติดต่อถึงท่านทางโทรศพัทภ์ายใน 1-2 








ส่ิงทีง่านวจิัยประสงค์จากท่าน ท่านจะถูกสมัภาษณ์ 10 นาทีโดยแพทยว์ิชาชีพซ่ึงท างานร่วมกบัโครงการวิจยัสุขภาพฯ          
ในการสมัภาษณ์จะขอใหท่้านตอบค าถามทัว่ไปท่ีเก่ียวขอ้งกบัโรคเบาหวาน ท่านเคยไดรั้บการวินิจฉยัหรือทดสอบโรคเบาหวานหรือไม่  
ขอ้มูลท่ีท่านใหจ้ะช่วยใหเ้ราประเมินความถูกตอ้งของขอ้มูลโรคเบาหวานท่ีเราเคยไดรั้บจากแบบสอบถามท่ีเคยถูกส่งออกไปทางไปรษณียก่์อนหนา้
น้ี 
สถานทีแ่ละระยะเวลา  แพทยว์ิชาชีพของเราจะโทรศพัทห์าท่านจากหอ้งท างานส่วนตวัท่ีมหาวิทยาลยัสุโขทยัธรรมาธิราช 
โดยติดต่อท่านเฉพาะเวลาท่ีท่านสะดวกท่ีจะใหก้ารสมัภาษณ์ 
แผนการควบคุมความเส่ียง แพทยว์ิชาชีพของเราจะถามค าถามท่ีเก่ียวขอ้งกบัโรคเบาหวาน โดยท่านสามารถเลือกท่ีจะปฏิเสธไม่ใหข้อ้มูล 
หากค าถามนั้นท าใหท่้านเกิดความไม่สบายใจ 
และหลงัการสมัภาษณ์ขอ้มูลของท่านจะถูกบนัทึกไวใ้นคลงัขอ้มูลงานวจิยัดว้ยหมายเลขสมาชิกโครงการวิจยัเท่านั้น 






 สถานท่ีเกบ็ ขอ้มูลจากการสมัภาษณ์ของท่านจะถูกเกบ็ในสถานท่ีปลอดภยัภายในมหาวิทยาลยัสุโขทยัธรรมาธิราช 
ซ่ึงมีเจา้หนา้ท่ีรักษาความปลอดภยัดูแลตลอด 24 ชัว่โมง
 ระยะเวลาการเกบ็รักษาขอ้มูล หลงัจากมีการตีพิมพผ์ลงานวิจยัใดๆ 
ขอ้มูลจากการสมัภาษณ์ทั้งหมดจะยงัคงถูกจดัเกบ็เป็นระยะเวลาอยา่งนอ้ย 5 ปี
 ก าหนดระยะเวลาการท าลายขอ้มูล เอกสารกระดาษท่ีมีการบนัทึกขอ้มูลจากการสมัภาษณ์จะถูกท าลายเม่ือส้ินสุดระยะการจดัเกบ็ 5 ปี
หากท่านมข้ีอสงสัย ความข้องใจ หรือต้องการรายละเอยีดเพิม่เตมิ  ตดิต่อได้ที ่
 Ms.Keren Papier (นกัวิจยัหลกั) อีเมล ์keren.papier@anu.edu.au มือถือ (ประเทศออสเตรเลีย) +61 4 2947 3005  หรือ
รศ.ดร.ส าอาง สืบสมาน (อาจารยท่ี์ปรึกษาและหวัหนา้โครงการวิจยัสุขภาพฯ) อีเมล ์Sam-ang.Seubsman@anu.edu.au
หากท่านตอ้งการทราบรายละเอียดเพิ่มเติมเก่ียวกบัการส ารวจ ท่านสามารถอ่านเพิ่มเติมไดท่ี้
http://nceph.anu.edu.au/research/projects/thai-cohort-study โดยมีส านกังานตั้งอยูท่ี่ อาคารตรีศร หอ้ง 10 
มหาวิทยาลยัสุโขทยัธรรมาธิราช โทรศพัท ์0 2504 7780  
 สถาบนัวิจยัและพฒันา มหาวิทยาลยัสุโขทยัธรรมาธิราช  ถนนแจง้วฒันะ  ต าบลบางพดู  อ าเภอปากเกร็ด    จงัหวดันนทบุรี 
รหสัไปรษณีย ์11120  โทรศพัท ์0 2504 7590 โทรสาร 0 2504 7780 
หากท่านมข้ีอกงัวล หรือประสงค์ให้ข้อเสนอแนะเพิม่เตมิทีเ่กีย่วข้องกบัการรับรองจริยธรรมงานวจิัย  ตดิต่อได้ที ่
 คณะกรรมการจริยธรรมการวิจยั  Ethics Manager, The ANU Human Research Ethics Committee, The Australian National 
University โทรศพัท ์+61 2 6125 3427 อีเมล ์ Human.Ethics.Officer@anu.edu.au
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ORAL CONSENT SCRIPT for Participants 
Risk factors of type 2 diabetes mellitus in transitional Thailand 
I have read to you the Information Sheet about the research project. Was this information 
clear? Do you have any questions about the project?  
Do you agree to participate in this project? (Yes/No) 
When I prepare the research outputs, I can attribute information to you in three ways: full 
name, pseudonym, or I can use NO attribution and hold your information confidentially. 
Would you prefer that your information be treated as completely confidential? (Yes/No) 
May we start the interview now? 
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Interview protocol for Participants with self-report diabetes 
Dear …….. TCS id_________________ 
My name is Prasutr Thawornchaisit and I am a medical doctor at (hospital name) 
I am from STOU and the Thai Cohort Study project and I would like to ask you some questions 
about health. Because diabetes is becoming so important in Thailand, we need to study in more 
detail. So I hope that you won’t mind taking part in a quick phone interview? 
In our records we have you recorded as having diabetes in 2009 and/or in 2013. We were 
wondering if we got that right so I wanted to ask you 
1. Has a doctor/ or nurse ever told you that you definitely have 
diabetes?
Yes□…go to Q1A.  
No□…go to Q4A.
 1A. What year did a doctor/ or nurse diagnose you with diabetes? 




 1B.1 If yes then why was that? -please explain here 
 1C. Were you taking steroid medication at the time of your 
diagnosis? 
Yes□ No□
 1D. Did you have a serious illness or surgery at the time of your 
diagnosis? 
Yes□ No□
Q1E is about gestational diabetes-Skip if male and continue to Q2 
 1E. Gestational diabetes 
1E.1 Were you pregnant during the diagnosis of diabetes in 2009?
Yes□…go to 1E.2
No□
 1E.2 Did the problem go away soon after your baby was born? 
Yes□ No□
2. We would like to know more about how you originally came to be
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diagnosed with diabetes 
2A. How did the doctor/ or nurse diagnose you with diabetes? 
a. Using a blood test
(sometimes you would drink a sweet/ 
sugary drink before the blood test) 
Yes□ No□
b. Using a urine test
Yes□ No□
3. We would like to know more about your treatment
3A. What treatment/s are you on for diabetes? 
1. Insulin (injected)
Yes□ No□
2. Tablets for diabetes
Yes□ No□
3. Only diet and exercise
Yes□ No□
4. No treatment-please explain here
Yes□… explain
No□
4. In order to help us improve our questionnaire and to see if we correctly interpreted
your response, would you mind if I read back the question that we asked in the 2009 
questionnaire and see what you think? 
- please read them back the question from the 2009 questionnaire
 4A.Please indicate here if clear what the issue was e.g. question interpreted to mean
‘tested’ for diabetes, question  unclear; misunderstanding; clerical or scanning error. 
5. You have been very helpful today and we really appreciate your time
5A. Would we be able to contact you again if we have 
any further question? 
Yes□ No□
Thank you very much for all of your time and help today! 
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Interview protocol for Participants with no self-report diabetes 
Dear………       TCS id_________________ 
My name is Prasutr Thawornchaisit and I am a medical doctor at (hospital name) 
I am from STOU and the Thai Cohort Study project and I would like to ask you some questions 
about health. Because diabetes is becoming so important in Thailand, we need to study in more 
detail. So I hope that you won’t mind taking part in a quick phone interview? 
In our records we have you recorded as Not having diabetes in 2013. We were wondering if we 
got that right so I wanted to ask you 
1. Can you confirm that you did not have diabetes in 2013?
Yes□…go to Q5  
No/ unsure□…go to Q2
2. In order to help us improve our questionnaire and to see if we correctly interpreted your
response, would you mind if I read back the question that we asked in the 2013
questionnaire and see what you think? - please read them back the question from the 2013
questionnaire
2A. Please indicate here if clear what the issue was e.g. question interpreted to mean ‘tested’ for 
diabetes, question  unclear; misunderstanding;  clerical or scanning error. 
3. We would like to know more about how you originally came to be diagnosed with
diabetes
  3A. How did the doctor/ or nurse diagnose you with diabetes? 
a. Using a blood test (sometimes you would drink a
sweet/sugary drink before the blood test)
Yes□ No□
b. Using a urine test
Yes□ No□
4. We would like to know more about your treatment
4A. What treatment/s are you on for diabetes? 
1. Insulin (injected)
Yes□ No□
2. Tablets for diabetes
Yes□ No□
3. Only diet and exercise
Yes□ No□
4. No treatment-please explain here
Yes□… please explain
No□
5. You have been very helpful today and we really appreciate your time
5A. Would we be able to contact you again if we have 
any further question? 
Yes□ No□
Thank you very much for all of your time and help today! 
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10.2 Appendix B – Dietary survey documents 
Participant Information Sheet (English) 
Dear Thai Cohort Study member, 
Researcher:  
My name is Keren Papier and I am a PhD student at the National Centre for Epidemiology 
and Population Health at the Australian National University where I am working with the 
Thai Cohort Study (TCS) team. I am a qualified public health nutritionist who is interested 
in researching the diets and health of populations. I am writing to invite you to take part 
in a short survey and this information sheet will tell you what the study is about.  
Project Title: Patterns of dietary behaviour amongst Thai Cohort Study participants 
General Outline of the Project:  
Description and Methodology: Diabetes is becoming a big problem in Thailand. One 
possible cause of rising rates of diabetes in Thailand may be changes in diets in the 
population over time. To enable us to investigate whether this might be the case, we want 
to know more about the different types of foods that people eat and what characteristics 
of people (age, sex, where they live, particular foods they eat) are associated with 
particular diet patterns.  
Participants: We are inviting almost 1200 people who have previously taken part in all 
three surveys of the Thai Cohort Study to complete this survey and your name has been 
randomly selected from amongst the participants
Use of Data and Feedback: If you take part, the information that you provide in this 
questionnaire will be linked with information you have provided in your previous TCS 
surveys using your unique TCS study number. The linking of the information that you 
provide in this survey will allow us to explore the association between your food shopping 
patterns, your overall dietary pattern and your consumption of individual food items that 
have previously been associated with certain health risks. Establishing whether particular 
food acquisition and consumption patterns may be related to certain dietary patterns will 
help us to better understand the relationship between particular foods and diabetes risk 
among Thai Cohort Study participants.
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We plan to publish our results in publicly available journals and to share these results 
with the Ministry of Public Health. None of your individual information will be published 
- all results will be based on the group as a whole. The results will then be available on
our Thai Health-Risk Transition website and you will be able to access them there if you 
are interested.  
Participant Involvement: 
Voluntary Participation & Withdrawal: Your participation in this study is completely 
voluntary and you may withdraw from the study at any time prior to the preparation of 
the publication of the study results without any repercussions and it will not affect your 
participation in the larger Thai Cohort Study at all. If you withdraw from this new study 
any information you have provided in the survey will be destroyed and not used by the 
research team. 
What does participation in the research request of you? If you take part we will ask 
you to fill in the attached questionnaire and return it in the provided post-paid envelope. 
The questionnaire asks you about your food shopping habits and about how frequently 
you eat various foods. 
Duration: It should take you around 15 minutes to complete. 
Confidentiality: 
Confidentiality: The information that you give us will be entered into a secure database 
identifiable only by your study ID number and will remain confidential as far as allowed 
by law. All your personal details will be kept separate from your questionnaire responses. 
Your personal details are encrypted and stored in a special database with the encryption 
code only available to the data manager STOU in Thailand where the research is based. 
The linkage of your new questionnaire information and information that you have 
previously provided in the written questionnaires will be carried out by the researcher 
using only your personal TCS ID number - not your name or other details. Other members 




Where: Your questionnaire information will be stored at STOU in Thailand in a secure 
office on the main campus with 24-hour guards on patrol. 
How long: All your questionnaire information will be stored for at least five years 
following any publication of results. At the end of the storage period the paper version of 
the questionnaire information will be destroyed. 
Queries and Concerns: 
Contact Details for More Information: If you have any questions or require further 
information on this research you can contact Keren Papier, principal investigator of this 
study via email at keren.papier@anu.edu.au or using telephone number +61429473005. 
Alternatively you may also contact Dr Sam-ang Seubsman, supervisor and Principal 
Investigator of the Thai Health-Risk Transition study via email Sam-
ang.Seubsman@anu.edu.au. Otherwise, further details regarding the survey itself can also 
be accessed from our website http://nceph.anu.edu.au/research/projects/thai-cohort-study. 
Our office is located in the Trisorn Building Room 10, STOU and our telephone number 
is +66 2504 7780. 
Ethics Committee Clearance: 
The ethical aspects of this research have been approved by the ANU Human Research 
Ethics Committee.  If you have any concerns or complaints about how this research has 
been conducted, please contact:  
Ethics Manager,  
The ANU Human Research Ethics Committee, 
The Australian National University,  
Telephone: +61 2 6125 3427  
Email: Human.Ethics.Officer@anu.edu.au 
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Dietary Survey – English 
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Dear Thai Cohort Study members, 
Acknowledging all your much valued participation in Thai Health Research Project in replying to questionnaires 
from 2005 to 2013, Keren Papier, a nutritionist and Ph.D. candidate from Australian National University, is interested 
in researching further about the diets of cohort members. We therefore kindly ask you to answer this questionnaire 
attached herewith.   
 Your participation is voluntary. If you wish to withdraw at any time please inform us.   The project follows strict 
ethical standards and all of your personal information will be held in the strictest confidence.  Your name and address 
will be kept separately from your other data and will used only for future contact.    
 If you are the person whose name appears on the document above and you are willing to participate in this 
research, please sign your name in this form below. When you have completed the questionnaire, please return it in the 
envelope included here. You do not need to attach a stamp.  
(Name) ..........................................Date .......... / .......... / ........... 
(Mr/Mrs/Miss ...................... .......................................................) 
Mobile phone......................................  Home phone......................................  Work phone......................................  
If you have any doubts or concerns or need information on the project, please contact us on  02-504-7780 during 
business hours. Thanks and regards. 
TCSID 
x 
   Questionnaire 
   Patterns of dietary behaviour amongst Thai Cohort Study Participants 
This page will be separated and 
treated as confidential 
Keren Papier 
Nutritionist and Ph.D. candidate in the Thai Cohort Study 
A collaboration between Sukhothai Thammathirat Open University 
and Australian National University 
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Explanation: Please use a blue or black pen to place x mark in selected box , which will look like this
If somehow a question appears unclear, please select answers that suit best. Your answer will still be very valuable for research. 
Food source and food consumption 
1. How often do you shop for ingredients for food to be prepared at home at each of the food sources listed
below? (Please place a  in the one   which fits best for each type of food store).
Food source Never/ less than once a month 1-3 times a month 1-2 times a week
Everyday/ almost 
everyday 
Fresh market    
Mobile food vendor/ stall    
Mom and pop store    
Convenience store    
Supermarket    
2. How often is your evening meal obtained from the following  food sources?
(Please place a  in the one   which fits best for each type of food store)
Evening meal food source 
Never/ <









Food prepared in your home    
Street vendor / Market stall / night market    
Thai restaurant    
Other restaurant eg western, Korean    
Home delivery    
Food court in shopping mall    
Fast food restaurant eg pizza KFC    
3. Generally  in a  week,  how many days per week  do you eat  vegetables?  days  per  week  (please put number)
4. Generally  in a week,  how many days per week  do you eat  fresh fruits?  days  per  week  (please put number)
5. Do you normally eat 3 meals per day?        Yes         go to question 7       No  
6. What is the most common meal that you don’t eat?  Breakfast        Lunch        dinner  
7. On a Saturday or Sunday how many meals (breakfast lunch dinner) do you eat out of home? out of home
food means foods not cooked from home
Number of meals per day      0 meal        go to question 10     1 meal     2 meals     3 meals
8. On a Saturday or Sunday what is the most common type of out of home food you eat?
 ready cooked meal  made-to-order meal  processed food in a bag/can
 agreed upon time-place-type-amount-cooked meal delivery service paid on monthly basis
 frozen ready meal in food storage which is reheated before eating
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9. On a Saturday or Sunday, which food source was  the meal that you eat most often bought from ?
 automobile/boat vendor/sidewalk/street vendor
 market/market that opens only certain day/days of the week (permanent spot)
 made-to-order food shop/restaurant/general food shop (permanent built)
 convenience store  fast food shop     supermarket in shopping mall
















Food or dessert with coconut milk     
Deep fried food     
Instant foods eg instant noodles     
Fermented/salted raw food eg crab, fish     
Fermented fruit/vegetable     
White rice or white sticky rice     
Brown or combined brown and white rice     
Fish and fish products     
Soft drink (eg 7-Up, coke, pepsi)     
Other sweetened drinks (eg iced tea or coffee, 
sweetened herb drinks)     
Milk-fresh, carton or powder     
Vitamins or food supplements     
Fast food Western style eg hamburger pizza     
Western bakery products eg cake, cookies     
 (1 serve of vegetables =1/2 cup of cooked vegetables or 1 cup of raw vegetables) 
 (1 serve of fruit = 1 banana or 1 slice of papaya cut into 5-6 bite-size pieces) 
11. How many serves of vegetables do you eat per day?  serves/day                  eg, if you eat 3 serves please put 0 3 
12. How many serves of fruit do you eat per day?  serves/day                eg, if you eat 5 serves  please put 0 5 
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The following questions may look similar to other questions, however, your every answer is valuable for analysis 
of this study. 
13.Food frequency
On average, how often do you normally eat the 





















1.Beef, pork, chicken, duck meat without skin       
2.Beef, pork, chicken, duck meat with skin       
3.Meat products which have been processed(group 1) eg sausage,
bacon, ham, and some Thai versions
      
4.Meat products which have been processed (group 2) eg dried 
shredded pork, dried salted fish
      
5.Fish including fresh and salt water fish       
6.Shrimp, shellfish, crab, squid       
7.Liver (pig, duck or chicken)       
8.Whole eggs       
9.Legumes and their products (but not drinks) – eg
mung beans, soy beans, tofu, vegetarian protein       
10.White rice       
11.Brown rice       
12.Sticky rice       
13.Rice noodles       
14.Instant noodles       
15.White bread       
16.Wholemeal bread       
17.Deep fried foods eg deep fried pork or chicken,
deep fried bananas       
18.Western style fast food eg pizza, hamburger       
19.Curry style dishes with oil or coconut milk eg red
curry, Tom Kha,       
20.Fermented foods eg fermented salted fish (plaa
raa), fermented beans       
21.Chili dipping sauces (nam prik)       
22.Sweet fruits eg grapes, longan, lytchee,
mangoarcane, banana, ripe papaya, watermelon,
pineapple
      
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13. Food frequency (continued)
Don’t 




















23.Not very sweet fruits eg guava, rose apple, green
mango, apple
      
24.fruit paste, processed fruit       
25.candied fruit       
26.Fermented/pickled fruit or vegetables       
27.Canned fruit       
28.Dried fruit       
29.Fresh milk, plain (unflavoured) yoghurt       
30.Flavoured/sweetened milk or yoghurt       
31.Drinking yoghurt       
32.Skim milk       
33.Soy milk       
34.Soft drink or other sweet drinks       
35.Fruit or vegetable juice       
36.Energy drinks eg Red bull       
37.Sport drinks (egs are Thai brands but like
Gatorade)
      
38.Tea or coffee       
39.Baked goods containing butter or margarine eg
cake, cookie, donut, pie
      
40.Dessert made with egg yolk       
41.Desserts containing sweet syrup       
42.Desserts with coconut milk       
43.Snack foods eg potato chips       
44.Bamboo shoots       
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Dietary survey – Thai 
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รหัสสมาชิก TCSID  
เรียน สมาชิกโครงการวจิยัสุขภาพท่ีรักทุกท่าน 
ตามท่ี ท่านไดใ้หค้วามร่วมมืออยา่งดียิง่ในการตอบแบบสอบถามของโครงการวิจยัสุขภาพจากการสาํรวจเม่ือพ.ศ. 2548 
ถึง พ.ศ. 2556 นั้น    
ในการน้ี คาเรน ปาเปียร์ (Keren  Papier) เป็นนักโภชนาการและกาํลงัศึกษาปริญญาเอก ณ มหาวิทยาลยัแห่งชาติ
ออสเตรเลีย มีความสนใจท่ีจะศึกษาเร่ืองอาหารของสมาชิกโครงการวิจยัสุขภาพ จึงใคร่ขอความอนุเคราะห์จากท่านตอบ
แบบสอบถามท่ีแนบมาพร้อมน้ี  
 การให้ความร่วมมือของท่านในคร้ังน้ีถือเป็นความสมคัรใจและไม่มีผลกระทบต่อท่าน หากท่านไม่มีความประสงค ์
จะเป็นสมาชิกของโครงการฯ ท่านสามารถแจง้ใหโ้ครงการทราบไดทุ้กเม่ือ และโครงการฯจะยดึแนวทางจริยธรรมของการวจิยั
อยา่งเคร่งครัด ขอ้มูลส่วนบุคคลจะจดัเก็บเป็นความลบัและใชเ้พ่ือการติดต่อท่านในอนาคตเท่านั้น 
 หากท่านคือบุคคลท่ีปรากฎช่ือตามเอกสารดา้นบนน้ี และยนิดีใหค้วามร่วมมือในการวิจยั โปรดลงช่ือในช่องวา่งขา้งล่าง 
และตอบแบบสอบถามพร้อมส่งกลบัมาในซองท่ีแนบ โดยไม่ตอ้งติดแสตมป์ 
(ลงช่ือ) ..........................................วนัท่ี .......... / .......... / ...........  
(นาย/นาง/นางสาว .......................................................) 
หมายเลขโทรศพัทมื์อถือ......................................  โทรศพัทบ์า้น......................................  โทรศพัทท่ี์ทาํงาน......................................  
หากท่านมีขอ้สงสัย สอบถามรายละเอียดเพ่ิมเติมไดท่ี้หมายเลข โทรศพัท์ 02-504-7780 ในเวลาราชการและขอขอบคุณ 












mtel htel wtel 
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คาํช้ีแจง โปรดใชป้ากกาสีนํา้เงนิหรือดาํ  ใส่เคร่ืองหมาย  ลงช่องส่ีเหลีย่ม  หน้าตวัเลือกทีต้่องการดงัตวัอย่าง 
แต่หากยงัมีคาํถามท่ีไม่ชดัเจน เราขอใหท่้านตอบใหใ้กลค้วามจริงท่ีสุด คาํตอบของท่านจะยงัเป็นประโยชน์ในการวจิยัเป็นอยา่งมาก 
แหล่งอาหารและการบริโภคอาหาร 
1.ท่านซ้ือวตัถุดิบเพ่ือปรุงอาหารทีบ้่านจากแหล่งต่อไปนี้บ่อยแค่ไหน
(โปรดใส่เคร่ืองหมาย ลงในช่องความถี ่ เพียงช่องเดียวท่ีตรงกับท่านมากท่ีสุด ต่อแต่ละประเภทแหล่งซื้ออาหาร)
แหล่งซ้ืออาหาร ไม่เคย/น้อยกว่าเดือนละคร้ัง 1-3 คร้ังต่อเดือน 1-2 คร้ังต่อสัปดาห์ ทุกวนั/เกือบทุกวนั
ตลาดสด v1n1 





(โปรดใส่เคร่ืองหมาย  ลงในช่อง  ท่ีตรงความเห็นของท่านมากท่ีสุด) 
แหล่งอาหารมื้อเยน็ ไม่เคย / น้อยกว่า
เดือนละคร้ัง 
1 - 3 คร้ัง 
ต่อเดือน 




อาหารปรุงท่ีบา้น  v2n1 
รถเร่/แผงในตลาด/ตลาดโตรุ่้ง v2n2 
ร้านขายอาหารแบบไทย  v2n3 
ร้านอาหารแบบตะวนัตก/เกาหลี/จีน/ญ่ีปุ่น/ v2n4 
อาหารบริการส่งถึงบา้น  v2n5 
ฟดูคอร์ทในหา้งสรรพสินคา้  v2n6 
ร้านฟาสตฟ์ู้ด เช่น พิซซ่า เคเอฟซี  v2n7 
3.โดยทัว่ไปในแต่ละสัปดาห์ ท่านกนิ ผัก กีว่นัต่อสัปดาห์                 วนัต่อสัปดาห์  
4.โดยทัว่ไปในแต่ละสัปดาห์ ท่านกนิผลไม้สดกีว่นัต่อสัปดาห์           วนัต่อสัปดาห์
5.โดยปกติ ท่านกนิอาหารครบ 3 มื้อหลกัหรือไม่  ใช่         ข้ามไปตอบข้อ 7          ไม่ใช่
6.โดยส่วนใหญ่ ท่านงดกนิอาหารมื้อใด  ม้ือเชา้  ม้ือกลางวนั  ม้ือเยน็  
7.ในวนัเสาร์หรืออาทติย์ ท่านกนิอาหารมื้อหลัก (เชา้ กลางวนั เยน็) นอกบ้านกีมื่้อ อาหารนอกบ้าน หมายถึง อาหารท่ีไม่ได้ทาํเองท่ีบ้าน
จํานวนมื้อต่อวนั                 0 ม้ือ         ข้ามไปตอบข้อ 10              1 ม้ือ   2 ม้ือ  3 ม้ือ    
8.ในวนัเสาร์หรืออาทติย์ ลกัษณะอาหารนอกบ้านที่ท่านกินบ่อยทีสุ่ด คือ
 อาหารปรุงสุกสาํเร็จ   อาหารตามสั่ง   อาหารสาํเร็จรูปบรรจุซอง/กระป๋อง










 รถเร่/เรือเร่ขายอาหาร/อาหารริมบาทวถีิ/อาหารริมทาง   ตลาด/ตลาดนดั (ร้านไม่เคล่ือนยา้ย)
     ร้านอาหารตามสั่ง/ภตัตาคาร/ร้านอาหารทัว่ไป (ร้านท่ีมีโครงสร้างแขง็แรง)   ร้านสะดวกซ้ือ 
 ร้านขายอาหารฟาสตฟู้์ด            ซูเปอร์มาร์เก็ตในหา้งสรรพสินคา้











อาหาร/ขนมหวานท่ีประกอบ  v10n1 
อาหารประเภททอด  v10n2 
อาหารก่ึงสาํเร็จรูป เช่น บะหม่ี  v10n3 
อาหารหมกัดอง (ดิบ) เช่น v10n4
ผกัผลไมด้อง v10n5
ขา้วจา้วหรือขา้วเหนียวขดัขาว  v10n6 
ขา้วกลอ้ง/หรือขา้วขาวผสมขา้ว v10n7 
ปลา/ผลิตภณัฑจ์ากปลา  v10n8 
นํ้าอดัลม เช่น โคก้ เป๊ปซ่ี ฯลฯ  v10n9 
เคร่ืองด่ืมผสมนํ้าตาล เช่น ชา v10n10  
กาแฟเยน็ นํ้าสมุนไพร  
นม เช่น นมสด นมกล่อง นม v10n11 
ผลิตภณัฑอ์าหารเสริม เช่น   v10n12 
อาหารจานด่วนแบบตะวนัตก  v10n13 
แฮมเบอร์เกอร์ พิซซ่า  
ขนมแบบตะวนัตก เช่น โดนทั  v10n14 
11. ท่านรับประทานผกัจํานวนกีส่่วนต่อวนั         ส่วนต่อวนั   เช่น ถา้กิน 3 ส่วน ใส่ตวัเลข   
(เช่น ผัก 1 ส่วน = ผักปรุงสุก คร่ึงถ้วยตวง หรือผักดิบ 1 ถ้วยตวง) 
12. ท่านรับประทานผลไม้จํานวนกีส่่วนต่อวนั      ส่วนต่อวนั   เช่น ถา้กิน 5 ส่วน ใส่ตวัเลข   
   (เช่น กล้วย 1 ลูก = 1 ส่วน  หรือ มะละกอ 1 ชิ้น 5-6 คาํ = 1 ส่วน) 
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1. เน้ือววั/หมูไม่ติดมนั ไก่/เป็ดไม่ติดหนงั v13n1 
2. เน้ือววั/หมูติดมนั ไก่/เป็ดติดหนงั เช่น หมูสาม v13n2
3. ผลิตภณัฑเ์น้ือสตัวท่ี์ผา่นกระบวนการกลุ่มท่ี 1  v13n3
ไสก้รอก ไส้กรอกอิสาน เบคอน แฮม กนุเชียง หมูยอ แหนม
4. ผลิตภณัฑเ์น้ือสตัวท่ี์ผา่นกระบวนการกลุ่มท่ี 2  v13n4
หมูหยอง ปลาเคม็ เน้ือ/หมู/ปลาแดดเดียว
5. ปลาชนิดต่างๆ เช่น ปลานํ้ าจืด ปลาทะเล v13n5 
6. กุง้ หอย ปู ปลาหมึก v13n6 
7. ตบั เลือดหมู/เป็ด/ไก่ v13n7 
8. ไข่ทั้งฟอง หรือเฉพาะไข่แดง v13n8 
9. ถัว่และผลิตภณัฑ ์(ไม่รวมเคร่ืองด่ืม) เช่น ถัว่ v13n9
ถัว่เหลือง ถัว่ลิสง เตา้หู ้โปรตีนเกษตร
10. ขา้วขาว/ขา้วขดัสี v13n10 
11. ขา้วกลอ้ง ขา้วซอ้มมือ v13n11 
12. ขา้วเหนียว v13n12 
13. ก๋วยเต๋ียวต่างๆ ขนมจีน v13n13 
14. บะหม่ีก่ึงสาํเร็จรูป เช่น มาม่า ยาํยาํ ไวไว v13n14
15. ขนมปังขาว v13n15 
16. ขนมปังโฮลวที (ขนมปังธญัพืช) v13n16 
17. อาหารทอด เช่น หมู/ไก่ทอด ทอดมนั กลว้ย v13n17
ลูกช้ินทอด แคบ็หมู ฯลฯ
18. อาหารจานด่วนตะวนัตก เช่น พิซซ่า แฮมเบอ v13n18
19. อาหารคาวประเภทแกงท่ีมีกะทิ/นํ้ามนั เช่น   v13n19
แกงอ่อม ขนมจีนนํ้ าเง้ียว
20. ปลาร้า ปลาเจ่า นํ้ าบูดู ถัว่เน่า v13n20 
21. นํ้าพริก เช่น นํ้ าพริกกะปิ นํ้ าพริกหนุ่ม v13n21 
นํ้าพริกปลาป่น นํ้ าพริกปลาร้า นํ้ าพริกตาแดง นํ้ าพริกลงเรือ 



























22. ผลไมร้สหวาน เช่น องุ่น ลองกอง ทุเรียน  v13n22
ลาํไย ล้ินจ่ี มะม่วงสุก ขนุน ละมุด นอ้ยหน่า ออ้ย กลว้ย
มะละกอสุก แตงโม สบัปะรด ฯลฯ
23. ผลไมร้สไม่หวาน/หวานนอ้ย เช่น ฝร่ัง ชมพู ่ v13n23
มะม่วงดิบ แอปเป้ิล แกว้มงักร
24. ผลไมก้วน ฉาบ เช่น สบัปะรดกวน กลว้ยฉาบ v13n24
25. ผลไมเ้ช่ือม เช่น สาเกเช่ือม กลว้ยเช่ือม มะตูม v13n25
26. ผกัและผลไมห้มกัดอง เช่น ผลไมด้อง ผกักาด v13n26
27. ผลไมก้ระป๋อง v13n27 
28. ผลไมแ้หง้ เช่น ลูกเกด ลูกพรุน ลูกทอ้ พทุรา v13n28
29. นมสด/โยเกิร์ตชนิดถว้ยไม่ปรุงแต่งรส v13n29 
30. นมหวาน/นมปรุงแต่งรส/โยเกิร์ตชนิดถว้ย v13n30
31. โยเกิร์ตชนิดด่ืม v13n31 
32. นมพร่องมนัเนย v13n32 
33. นํ้าเตา้หู/้นมถัว่เหลือง v13n33 
34. นํ้าอดัลม/นํ้าหวาน v13n34 
35. นํ้าผลไม/้นํ้าผกั v13n35 
36. เคร่ืองด่ืมชูกาํลงั เช่น กระทิงแดง ลิโพ เอม็ v13n36
37. เคร่ืองด่ืมสาํหรับนกักีฬา เช่น สปอนเซอร์  v13n37
38. ชา กาแฟ v13n38 
39. อาหารท่ีมีเนย/มาการีนและแป้ง เช่น เคก้ คุกก้ี v13n39
40. ขนมหวานทาํจากไข่แดง เช่น ทองหยบิ v13n40 
41. ขนมใส่นํ้ าเช่ือม เช่น ถัว่เขียวตม้นํ้ าตาล v13n41 
มนัตม้นํ้ าตาล สาคูนํ้ าเช่ือม ลูกชิดนํ้ าเช่ือม
42. ขนมหวานท่ีมีกะทิ เช่น กลว้ยบวดชี วุน้กะทิ v13n42
43. ขนมขบเค้ียว/ขนมกรุบกรอบบรรจุซอง v13n43 
44. หน่อไมทุ้กประเภท v13n44 
5 
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10.3 Appendix C –Directed acyclic graphs (DAGs) used in this thesis 
This appendix contains the directed acyclic graphs (DAGs) I created in DAGitty v2.3 
using measured variables from my dataset to describe casual relationships between 
various exposures of interest and type 2 diabetes; and between socio-demographic factors 
and dietary patterns. 
DAGs 1 to 8 are the DAGs I created to describe the casual relationships between various 
risk factors for T2DM incidence in 2013. These DAGs were all considered in the 
construction of the final analysis model in Chapter 4. 
DAG 1 
DAG 3 DAG 4 
DAG 2 
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DAG 9 is the DAG I created to describe the casual relationship between sugar sweetened 
beverage (SSB) consumption in 2005 and T2DM incidence in 2013 (Chapter 5). Using 
this DAG, I was able to identify the necessary adjustments required to determine the total 
and direct effects of SSB intake on T2DM risk. For instance, to assess the total effect of 
SSB intake (2005) on T2DM risk (2013), all of the variables highlighted in pink required 
adjustment. Alternatively, to assess the direct effect of SSB intake (2005) on T2DM risk 
(2013) (using the ‘traditional method’) all of the variables in pink along with BMI in 2009 







DAG 9: Directed acyclic graph displaying the minimal sufficient adjustment sets (in pink) for 
estimating the total effect of SSB intake in 2005 on T2DM risk in 2013 
DAG 10 is the DAG I created to describe the casual relationship between BMI and T2DM 
incidence in 2013. This DAG was considered in the construction of the final analysis 
model in Chapter 6. 
DAG 10: Directed acyclic graph displaying the minimal sufficient adjustment sets (in pink) for 
estimating the total effect of BMI in 2005 on T2DM risk in 2013 
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DAGs 11 to 13 are the DAGs I created to describe the casual relationships between socio-
demographic factors and dietary patterns. These DAGs were all considered in the 
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Background: Overweight and obesity have been shown to be risk factors for a range of non-
communicable diseases, especially cardio-metabolic conditions, worldwide. But less is known about
the effects of weight change on adults' overall health and wellbeing, particularly in transitional low- and
middle-income countries. This study aimed to assess the relationship between 8-year weight change and
measures of self-assessed health among Thai adults.
Methods: Data were collected from Thai adults aged 25e40 years (n ¼ 27,003) enrolled in the Thai cohort
Study and surveyed in 2005, 2009, and 2013. We used self-reported weight and height measurements at
baseline and 2013, as well as three standard health questions regarding overall health, energy, and
emotion asked at the two time points, to investigate the effects of weight change on health.
Results: Between 2005 and 2013, 6.0% of participants lost more than 5% of their baseline weight; 38.5%
were stable (<5% loss to 5% gain); 23.0% slightly gained weight (>5%e10%); 22.8% gained moderate
weight (>10%e20%); and 9.4% had heavy weight gain (>20%). Moderate (>10%e20%) and heavy weight
gain (>20%) were both associated with an increased risk of reporting ‘poor or very poor‘ overall health in
2013 among participants who had a normal body mass index (BMI) (adjusted odds ratio [AOR] 1.39; 95%
confidence interval [CI], 1.13e1.71 and AOR 1.44; 95% CI, 1.09e1.90, respectively), were overweight (AOR
1.53; 955 CI, 1.01e2.29 and AOR 1.82; 95% CI, 1.04e3.19, respectively) or had obesity (AOR 2.47; 95% CI,
1.74e3.51 and AOR 3.20; 95% CI, 2.00e5.16, respectively) in 2005. Weight gain of over 20% also had a
negative impact on energy level among cohort members with a normal BMI in 2005 (AOR 1.36; 95% CI,
1.11e1.65) and among participants with obesity in 2005 (AOR 1.93; 95% CI, 1.38e2.71). For those who
were underweight, had a normal BMI, or had obesity at baseline, weight loss of more than 5% was
associated with reporting emotional problems. Excessive weight gain adversely impacted participants
who were underweight or had obesity at baseline.
Conclusion: Our study found that weight change, in particular weight gain, was associated with negative
health outcomes, and this effect appeared to increase at higher levels of body size. The present findings
may be useful to promote weight maintenance and healthy lifestyles.
© 2017 The Authors. Publishing services by Elsevier B.V. on behalf of The Japan Epidemiological
Association. This is an open access article under the CC BY license (http://creativecommons.org/licenses/
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- 215 -Introduction
Increasing weight, overweight, and obesity signal a growing risk
of hypertension, high cholesterol, cardiovascular diseases, and
other health problems throughout the world. As the global burden
of disease shifts to non-communicable diseases (NCDs),1 it becomes
imperative to understand the relationships between changes in
body size and health outcomes. Obesity has been known to have an
impact on health and quality of life.2,3 However, less is known aboutn Epidemiological Association. This is an open access article under the CC BY license
V. Yiengprugsawan et al. / Journal of Epidemiology 27 (2017) 499e502500the relationship between weight change and indicators of poorer
health and quality of life, especially in low- and middle-income
countries. Questions still remain about the degree of weight
change associated with development of adverse health outcomes
and the direction of causality over time.
In Thailand, concern has been growing about increasing obesity
and diet-related health risks. Thailand has been among the leaders
in Southeast Asia in its rapid urbanization and economic develop-
ment over the last 3 to 4 decades, which has been accompanied by a
move toward more sedentary work, car use, and an increasingly
calorie-dense national diet containing more fat, sugar, and salt.4,5
National examination health surveys conducted since 1991 (in
1991,1997, 2004, and 2009) have shown corresponding increases in
Thai body weight and in NCDs.6,7
This study investigates weight change over time and its rela-
tionship with three main health outcomes (self-assessed health,
energy, and emotion). The study used data collected from a large
sample of adult Open University students undertaking distance
learning in Thailand, who reside throughout the country, are well-
educated, employed, and of average income. Cohort members'
longitudinal weight change over 8 years was used to predict
adverse health outcomes during the 8-year follow-up.
Methods
Our initial research cohort included 87,151 distance-learning
adult students enrolled at Sukhothai Thammathirat Open Univer-
sity whowere living all over Thailand. They completed themail-out
baseline questionnaire in 2005 investigating transitional patterns
of health risks and outcomes. Topics included a range of socio-
demographic characteristics, family background, occupation, in-
come, and wellbeing, and health status. The median age at baseline
was 29 years, slightly more than half were females, and half resided
in urban areas.8,9 The cohort was subsequently followed up in 2009
and 2013 (capturing more than 70% at each wave). Analyses pre-
sented here were restricted to cohort members aged 25e40 years
at the 2005 baseline to limit the otherwise large confounding effect
of age on body mass index and health outcomes, resulting in a
sample of 27,003 participants.
For our exposure of interest, body mass index (BMI) was derived
from weight and height reported at each wave of data collection.
We follow the International Obesity Task Force guidelines for BMI
cut-offs for Asian populations: BMI 18.5 to <23 as ‘normal’, 23 to
<25 as ‘overweight at risk’, and 25 as ‘overweight and obese’10;
these cut-offs have also been used in other studies based on our
cohort.11,12 Weight change was calculated in 2013, as a percent of
2005 baseline weight, categorized into five percentage groups:
(1) weight loss >5% (loss);
(2) weight loss or gain 5% (stable);
(3) weight gain >5% and 10% (slight gain);
(4) weight gain >10% and 20% (moderate gain);
(5) weight gain >20% (heavy gain)
Three variables from the standardized Medical Outcome Short
Form (SF-8) instrument were used to investigate adverse outcomes
for the study.13 Subjective self-rated health has been applied in in-
ternational literature tomeasure overall health and has been shown
to be a strong predictor of mortality.14,15 In this study, we use three
main variables (self-rated health, energy level, and emotion); two of
these variables had six possible responses, and one variable had five
possible responses. We converted responses for each variable into a
binary format as follows: the last two responseswere combined into
an ‘adverse’ outcome category for all variables, and the first three or
four responseswere combined into a ‘non-adverse’ health outcome.- 21These adjustments permitted binary analyses. The questions were
the same at the 2005 baseline and the 2013 follow-up, as follows:
 Overall, how would you rate your health during the past 4 weeks?
(excellent, very good, good, or fair ¼ 0; poor or very poor ¼ 1)
 During the past the past 4 weeks, how much energy did you have?
(very much, quite a lot, a lot, or some ¼ 0; a little or none ¼ 1)
 During the past 4 weeks, how much have you been bothered by
emotional problems (such as feeling anxious, depressed, or irrita-
ble)? (Not at all, slightly, or moderately ¼ 0; quite a lot or
extremely ¼ 1)
Initial analyses showed cohort attributes (sex, age, residence,
income, and BMI) by 8-year weight change categories. We used 8-
year longitudinal weight change to predict health outcomes among
cohort members who did not initially report adverse health status
at baseline. Analyses were stratified by 2005 BMI categories (un-
derweight, normal, overweight, or obese) in order to investigate
associations between weight change and health outcomes ac-
cording to cohort members' initial body size.
Multivariate logistic analyses of the binary SF-8 health outcomes
by 8-year longitudinal weight change were performed to obtain
adjusted odds ratios (AORs) and 95% confidence intervals (CIs). Each
set of multivariate logistic analyses only included cohort members
who had not reported adverse SF-8 health outcomes at baseline (e.g.,
excluded 1209 for overall health, 2703 for energy level, and 3567 for
emotional level). This is also one of the reasons for restricting ana-
lyses for cohortmembers aged25e40years, as older cohortmembers
were more likely to be excluded at the baseline. Individuals with
missing data for any given analyses were excluded (<5% for each
variable), so totals could vary due to available information.
Ethics approval for the overall study was obtained from
Sukhothai Thammathirat Open University Research and Develop-
ment Institute (protocol 0522/10) and the Australian National
University Human Research Ethics Committee (protocol 2009/570).
Informed written consent was obtained from all participants.
Results
Among the 27,003 analyzed cohort members, 45% were males
(Table 1); at baseline, 38.0% were aged 25e29 years, 30.7% were
aged 30e34 years, and 31.3% were aged 35e40 years; 36.7% of
cohort members reported residing in rural areas, and 41.8% resided
in urban areas in both 2005 and 2013. BMI at baseline indicated that
55.4% of cohort members were normal weight, 11.6% were under-
weight, 16.7% were overweight, and 16.2% were obese.
Between 2005 and 2013, 6.0% of participants lost more than 5%
of their baseline weight, 38.5% were stable, 23.0% had slight weight
gain, 22.8% had moderate weight gain, and 9.4% had heavy weight
gain (Table 1). Across the 8 years, weight maintenance (within 5% of
baseline weight) was more common among males than females
(42.5% vs. 35.2%) and was most common among participants aged
30e34 years (46.3%) and those in the highest income bracket
(41.2%). There was little difference according to residence.
At the 8-year follow-up in 2013, 5.7% of cohort members re-
ported ‘poor or very poor’ overall health, 8.9% reported ‘little or
none’ for energy level, and 9.6% reported ‘quite a lot or extremely’
for emotional problems (Table 2).
The findings from the logistic regression analyses are shown in
Table 2. Moderate and heavy weight gainwere both associatedwith
an increased risk of reporting ‘poor or very poor’ overall health in
2013 among participants who had a normal BMI (AOR 1.39; 95% CI,
1.13e1.71] and AOR 1.44; 95% CI, 1.09e1.90, respectively), were
overweight (AOR 1.53; 95% CI, 1.01e2.29 and AOR 1.82; 95% CI,
1.04e3.19, respectively), or had obesity (AOR 2.47; 95% CI,1.74e3.516 -
Table 1
Thai cohort member attributes at 2005 baseline and 8-year weight change between 2005 and 2013.
Cohort attributes at 2005
baseline (column %)
Eight-year weight change (row percent)
D  5% 5% < D  5% 5% < D  10% 10% < D  20% D > 20%
Overall (n ¼ 27,003) 6.0 38.5 23.0 22.8 9.4
Male (45.0%, n ¼ 12,157) 6.9 42.5 22.8 20.4 7.3
Female (54.9%, n ¼ 14,846) 5.3 35.2 23.2 24.9 11.2
Age groups
25e29 years (38.0%) 5.1 32.3 21.7 27.2 13.5
30e34 years (30.7%) 7.3 46.3 23.7 17.4 5.1
35e40 years (31.3%) 5.8 38.5 23.9 22.9 8.7
Residence: 2005 and 2013
Ruralerural (36.7%) 6.2 39.2 22.4 22.8 9.2
Ruraleurban (12.7%) 6.3 37.9 23.5 22.7 9.4
Urbanerural (7.4%) 5.8 36.8 23.6 22.6 10.9
Urbaneurban (41.8%) 5.8 38.6 23.3 22.9 9.3
Personal monthly income
<10,000 Baht (20.1%) 7.3 38.0 20.8 22.0 11.7
10,001e30,000 Baht (64.1%) 5.5 36.0 23.4 24.6 10.3
>30,000 Baht (15.7%) 5.8 41.2 23.7 21.7 7.5
Body mass index category
Underweight (11.6%) 1.9 35.4 23.4 27.2 11.8
Normal (55.4%) 3.8 36.9 24.4 25.2 9.4
Overweight (16.7%) 7.7 44.6 21.5 19.6 6.3
Obese (16.2%) 15.0 42.4 20.8 16.4 5.1
V. Yiengprugsawan et al. / Journal of Epidemiology 27 (2017) 499e502 501and AOR 3.20; 95% CI, 2.00e5.16, respectively) in 2005. Eight-year
weight change was also associated with an increased risk of
reporting “little or no energy” in 2013. Among participants who had
a normal BMI in 2005, weight loss >5% and weight gain >10% were
both associated with an increased risk of reporting ‘little or no
energy’ in 2013. Similarly, among participants who had obesity in
2005, >20% weight gain was also associated with having reduced
energy levels (AOR 1.93; 95% CI, 1.38e2.71).
Cohort members who lost >5% of their initial weight at baseline
had an increased risk of reporting ‘quite a lot’ or ‘extreme’
emotional problems (AOR 1.98; 95% CI, 1.01e1.62 among cohort
members who were underweight in 2005; AOR 1.37; 95% CI,
1.05e1.80 among those who had a normal BMI in 2005, and AOR
1.49; 95% CI, 1.12e1.97 among participants who had obesity in
2005). On the other hand, cohort members who gained >20% of
their baseline weight were more likely to report ‘quite a lot’ or
‘extreme’ emotional problems, but this association was statisticallyTable 2
Longitudinal weight change and health outcomes by baseline body mass index categorie
Weight change by 2013 outcomesa Odds Ratiob [95% CI] of adverse outcomes for 8-
Underweight (n ¼ 2876) Normal (n ¼
Overall health (poor, 5.7%)
D  5% 1.22 [0.43e3.51] 1.33 [0.89e
5% < D  5% Reference Reference
5% < D  10% 0.78 [0.56e1.08] 1.12 [0.96e
10% < D  20% 1.03 [0.69e1.55] 1.39 [1.13e
D > 20% 1.08 [0.63e1.85] 1.44 [1.09e
Energy (little or none, 8.9%)
D  5% 0.84 [0.34e2.06] 1.40 [1.06e
5% < D  5% Reference Reference
5% < D  10% 0.78 [0.56e1.08] 1.12 [0.96e
10% < D  20% 1.12 [0.85e1.47] 1.32 [1.14e
D > 20% 1.22 [0.85e1.74] 1.36 [1.11e
Emotion (quite a lot, 9.6%)
D  5% 1.98 [1.01e1.62] 1.37 [1.05e
5% < D  5% Reference Reference
5% < D  10% 0.98 [0.72e1.35] 0.95 [0.82e
10% < D  20% 1.09 [0.82e1.47] 1.02 [0.89e
D > 20% 1.64 [1.15e2.32] 1.07 [0.87e
Bold values indicate statistically significance results when 95% confidence level does not
CI, confidence interval.
a Adverse outcomes in 2013 were: ‘poor or very poor’ overall health; ‘little or none’ e
b Adjusted for 2005 baseline age, sex, monthly personal income; and 2005e2016 resi
c Each multivariate analysis excluded cohort members with adverse SF-8 health outco
- 217 -significant only among cohort members who were underweight in
2005 (AOR 1.64; 95% CI, 1.15e2.32) and those who had obesity in
2005 (AOR 1.62; 95% CI, 1.07e2.46).
Discussion
Based on our longitudinal study, wewere able to confirm that 8-
year weight change associates with adverse health outcomes
among adults in Thailand. The results also show that weight loss is
associated with poor emotional health, especially among cohort
members who were underweight at baseline. This study also found
that weight gain was associated with poor overall health, poor
emotional well-being, and lower levels of energy. These associa-
tions were particularly evident among Thai cohort participants
who were overweight or had obesity at baseline.
Limited longitudinal evidence is available from low- and
middle-income countries, but our findings were in line with thoses for Thai cohort study participants between 2005 and 2013.
year longitudinal weight change by baseline body mass index categoriesc
14,059) Overweight (n ¼ 4277) Obese (n ¼ 4079)
2.01] 1.36 [0.78e2.40] 1.33 [0.88e2.02]
Reference Reference
1.31] 0.97 [0.73e1.29] 1.13 [0.89e1.45]
1.71] 1.53 [1.01e2.29] 2.47 [1.74e3.51]
1.90] 1.82 [1.04e3.19] 3.20 [2.00e5.16]
1.85] 0.74 [0.46e1.18] 0.83 [0.61e1.12]
Reference Reference
1.31] 0.97 [0.73e1.29] 1.13 [0.89e1.45]
1.52] 1.11 [0.84e1.47] 1.24 [0.97e1.61]
1.65] 1.30 [0.87e1.93] 1.93 [1.38e2.71]
1.80] 1.08 [0.72e1.62] 1.49 [1.12e1.97]
Reference Reference
1.10] 0.76 [0.56e1.04] 1.10 [0.84e1.45]
1.19] 1.11 [0.84e1.48] 1.29 [0.97e1.71]
1.30] 1.26 [0.72e1.62] 1.62 [1.07e2.46]
contain the null hypothesis value.
nergy; and ‘quite a lot or extreme’ emotional problems.
dence.
mes at 2005 baseline.
V. Yiengprugsawan et al. / Journal of Epidemiology 27 (2017) 499e502502on the impact of weight change on adverse health from a 7-year
cohort study of adults in Germany,16 an 8-year prospective cohort
study among adults in Sweden,17 and a 10-year longitudinal study
in the Netherlands18; these studies all revealed that weight gain
was associated with lower functional health and quality of life,
especially among adults who were overweight or had obesity.
Excess weight gain in early adulthood has been reported to have
adverse effects in high-income Asian countries. A 5-year longitu-
dinal cohort showed an effect of weight change and incident dia-
betes among Korean adults,19 and heavy weight gain has been
associated with coronary heart diseases20 and cancers,21 even
among non-obese Japanese adults. Our findings have added to the
evidence that weight change has negative effects on health out-
comes in a middle-income Asian setting.
Among the Thai Cohort Study cohort, young females gained the
most weight between 2005 and 2013, so they are at an increased
risk of poorer health outcomes, a finding that is consistent with the
findings from the national health examination survey on the high
prevalence of overweight and obesity among females, who already
have an increased metabolic risk among the Thai population.22 This
group could be targetedwith gender-specific campaigns to promote
gradual, well-managed (rather than rapid) weight loss. The popu-
lation, more generally, could be alerted to the deleterious effects of
rapid weight change on physical and emotional health and energy
levels, as a better understanding of these health risks could improve
weightmanagement strategies. This study points to the importance
of preventing weight gain and future non-communicable diseases
by focusing on weight maintenance and early healthy lifestyles
throughout the lifecourse.23
In interpreting our findings, some limitations should be
considered. Notably, weight and height in this study were self-
reported. However, another related study based on the same
study population noted that correlations between measured and
self-reported weight and height were high in both sexes, ranging
from 0.91 to 0.95.24 For longitudinal observation, weight change
was observed from BMI reported at the 2005 baseline and 2013
follow-up, so there could be fluctuation in weight between these
time points that were not accounted for in the analyses. We also
could not assess if the weight change was intentional or not. In the
final analyses, we excluded cohort members who reported adverse
outcomes at baseline to minimize the reverse causation between
weight change and health effects.
Our study found that weight change, in particular weight gain,
was associated with negative health outcomes, and this effect
appeared to increase at higher levels of body size. Future health
promotion initiatives to improve health outcomes should focus on
preventing weight gain and subsequent adverse health effects,
especially among young adults, who appear to have larger fluctu-
ations in weight than older adults.Conflicts of interest
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 Questionnaire 
Thai Health Research Project 2013 
Dear Thai Cohort Study members 
 With all of your much valued help our Thai Health Research Project has achieved substantial success.  
Analysing the information you have provided in your questionnaire responses has helped us understand better the risks to 
Thai peoples’ health. 
It is now time for us to follow up again on the health of our members.  The further information you provide 
here will help us assess the health of Thai people and be of benefit to all of Thai society. The project follows strict ethical 
standards and all of your personal information will be held in the strictest confidence. Your name and address will be kept 
separately from your other data and will only be used to contact you.   Your continued involvement in this project is 
completely voluntary, and if you wish to withdraw at any time please inform us.   
If you are the person whose name appears on the document above and you are willing to continue 
participating in this health research project based at Sukhothai Thammathirat Open University please write your name and 
sign this form below.   When you have completed the questionnaire please return it in the envelope included here. You do 
not need to attach a stamp. 
(Name).......................................................... Date........./........../........ 
(Mr/Mrs/Miss ....................................................................................) 
If you have any doubts or concerns or need more information on the project please contact us on      02-
5047780 during business hours. Thanks and regards. 
   (Associate Professor Sam-ang Seubsman) 
 Director Thai Health Research Project 
This page will be separated 
and treated as confidential
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Your assistance in filling out this form is very important for the success of our research project.  We 





Have you changed your name-surname, address or telephone number from those shown on the front 
cover of this questionnaire? 
Please place a cross  in the appropriate boxes . Please use a blue or black pen 
 Have not changed name-surname, address or telephone number
 There has been a change to my personal information as follows
 Name-surname   Address    Telephone number
 Please give details below 
First Name...............................................  Family Name  .................................................................................  
Family Name..........................................  Moo Ban  ........................................  Soi  .......................................
Road........................................................  Tambol/Kwang  ..............................  District/Khet  ......................  
Province..................................................  Postcode    
Home Tel..........................................................  Office Tel..................................................... 
Mobile................................................................  Email......................................................................... 
Other contact person (if we cannot contact you)
First Name...............................................  Family Name  .................................................................................  
Family Name..........................................  Moo Ban  ........................................  Soi  .......................................
Road........................................................  Tambol/Kwang  ..............................  District/Khet  ......................  
Province..................................................  Postcode    
Home Tel..........................................................  Office Tel..................................................... 
Mobile................................................................  
This page will be separated 
and treated as confidential
Please keep a record of your member code (TCSID) from the 
front of the envelope to use as a reference in any future 
communication with the Thai Health Risk Transition Study 
Please go to the instructions 
at the top of the next page 
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0 3 
              
Information on you and your work
A1 Sex      Male          Female               
A2 When were you born (according to your Citizen ID Card) 
 /  /  
            Day           Month            Year (B.E.) 
(eg //  if born 15 January 2513 please put) 
A3 Where is your current residence located? 
 Countryside  City/town
A4 How long have you lived at your current residence? 
 years (eg if you have lived there 3 years please 
write   Years) 
A5 How far in kilometres is it from your current 
residence to each of the following places? (kms) 













minimart     
ATM     
Hospital     
Post office     
District office     
School     
Traffic light     
Fresh market     
Bus stop     
Motorcycle taxi 
stand     
Internet cafe     
 
A6 In the past 5 years, has the area where you 
currently live become more urbanized? 
 Yes      No      Unsure
A7 How many people live at your current residence? 
 people (including you)  
(eg if there are 3 people please put  ) 
A8 At present do you have any paid employment? 
 Yes  No
A9 At present how many hours of paid work do you do 
per week?   hours/week 
 
A10 How secure do you feel about your job or career 
future in your current occupation? 
 Not at all secure    Moderately secure
 Secure  Extremely secure
A11 Which of the following best describes your 
primary occupation? (Please choose only one answer) 
 Senior manager     Middle manager
 Professional (eg accountant, doctor, academic)
 Skilled worker (eg carpenters, hairdresser, craftsman)
 Office assistant
 Agricultural or fisheries worker
 Factory or assembly worker
 Elementary worker (non-physical) (eg courier)
 Elementary worker (physical) (eg construction)
 Other, please explain................................ 
A 
 
      1   5     0   1    2   5   1   3 
  0   3 
 0   3 
Go to question A14 
 
 Instructions: Use a blue or black pen to put a cross  in the  next to the selected choice to get to this image 
. Select one answer except when told “more than one answer can be given.” For numeric answers, write
number(s) clearly in the box(es) - one number per  box. Eg   
 
 
2   4 
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A12 In the past 12 months, have you experienced 
uncomfortably hot temperatures in your workplace 
arising primarily from one of the following causes? 
(Please choose only one answer) 
 I am not bothered by high temperatures at work
 Heat from working outdoors
 Heat from machinery or production processes
 Heat from working in a vehicle
 Heat from work in a stuffy/poorly ventilated building
 Other, please explain............................... 
A13 In the past 12 months, when you experienced the 
workplace heat exposure described in question A12, what 
was your reaction? (You may choose more than one answer) 
 No reaction
Mild discomfort
 Prickly heat/ heat rash
 Headache/migraine
 Nausea or vomiting
 Severe dehydration
 Dizziness/ fainting with sweating
 Heat stroke (disorientation /elevated body temp
but no sweating)
Muscle cramps
 Low blood pressure
A14 What is your personal average monthly income? 
 ≤ 3,000 baht
 3,001 - 7,000 baht
 7,001 - 10,000 baht
 10,001 - 20,000 baht
 20,001 - 30,000 baht
> 30,000 baht
A15 What is your household’s average monthly income? 
 ≤ 3,000 baht
 3,001 - 7,000 baht
 7,001 - 10,000 baht
 10,001 - 20,000 baht
 20,001 - 30,000 baht
> 30,000 baht
A16 What is your highest level of education (not including
any current studies)? 
 Junior high school or equivalent
 Completed high school or equivalent
 Post-high school diploma or certificate
 Bachelor or higher university degree
A17 What is your current marital status? (Please choose 
only one answer) 
 First marriage
 Remarried
 Separated (but not divorced)
 Divorced   Widowed   Never married
A18 If not currently married, do you have a partner? 
 Yes and we live together  Yes but don’t live
 Don’t have a partner
A19 How tall are you?  cms (without shoes)
A20 What is your weight now?  kgs 
 (eg if your weight is 62 kgs write   ) 
A21 Do you currently care for a chronically ill/disabled/ 
or frail family member or other person you know? 
 Yes  No
A22 How many hours per week do you care for this 
chronically ill/disabled/or frail person? 
   hours/ week 
A23 How many years have you cared for the person 
mentioned above?  years 
A24 What type/s of care do you provide to the person 
mentioned above? 
(You may choose more than one answer) 
 Help prepare food or eat
 Help bathe  Help getting dressed
Mobility (moving the person)
 Help going to temples/attending religious activities
 Shopping and/or providing daily food
 Emotional support/cheering up
 Cognitive care (helping to understand)
 Financial support    Other
 0   6   2 
Go to question B1 




                                   
B1 Overall how would you rate your health in the past 
4 weeks? 
 Excellent     Very good       Good
 Fair  Poor  Very poor
B2 During the past 4 weeks, how much did physical 
health problems limit your usual physical activities 
(such as walking or climbing stairs)? 
 Not at all           Very little
 Some  Quite a lot
 Could not do physical activities
B3 During the past 4 weeks, how much difficulty did 
you have doing your daily work, both at home and 
away from home, because of your physical health? 
 None at all         A little bit
 Some  Quite a lot
 Could not do daily work
B4 How much bodily pain have you had during the 
past 4 weeks? 
 None  Very mild    Mild
Moderate          Severe          Very severe
B5 During the past 4 weeks, how much energy did you 
have? 
 Very much        Quite a lot    Some
 A little  None
B6 During the past 4 weeks, how much did your 
physical health or emotional problems limit your usual 
social activities with family or friends? 
 Not at all  Very little
 Somewhat  Quite a lot
 Could not do social activities
B7 During the past 4 weeks, how much have you been 
bothered by emotional problems (such as feeling 
anxious, depressed or irritable)? 
 Not at all          Slightly       Moderately
 Quite a lot        Extremely
B8 During the past 4 weeks, how much did personal or 
emotional problems keep you from doing your 
usual work, school or other daily activities? 
 Not at all           Very little
 Somewhat         Quite a lot
 Could not do daily activities
B9 In the past 4 weeks,  to what extent has your health 
limited you in any of the following physical 
activities? 
B10 In the past 4 weeks, have you had pain in your low 
back (in the area shown in the diagram)? 
 Yes
 No
B11 If yes, was this pain bad enough to limit your usual 
activities or change your daily routine for more 
than one day? 
 Yes  No
Your general healthB 
Go to question B12 
 
Limitation for the following 
physical activities 
Not at 
all A little A lot 
Climbing a flight of stairs   
Walking one hundred metres   
Bending, kneeling or stooping   
Dressing yourself   
 
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B12 Adults can have up to 32 natural teeth. How many 
of your own teeth do you have? 
 None  1-5 teeth
 6-19 teeth        20 teeth or more
B13 Do your teeth or dentures currently cause you…. 
(You may choose more than one answer) 
 Discomfort speaking    Discomfort swallowing
 Discomfort chewing     Loss of social confidence
 Pain  None of these
C1 How much support do you feel you get from each of the following groups. ( please place a cross  in the box which 
best applies to you for each question) 
Very little A little Quite a lot A lot Not applicable 
Family      
Neighbours      
Friends      
Employee/ supervisor      
C2 In the past 4 weeks how much of the time did you feel…?( please place a cross  in the box which fits best for each question ) 
Your feelings 
(in the past 4 weeks) 
All of the 
time 




A little of 
the time 
None of the 
time 
…so sad nothing could cheer you up?      
…nervous?      
…restless or fidgety?      
…hopeless?      
…everything was an effort?      
…worthless?      
…happy?      
C3 How often do you feel self-conscious or worried in the company of others because of your weight? 
 Often                          Sometimes          Never
C4 Regarding your current body size: Do you feel you need to
 Gain weight  Lose weight  Stay the same
C5 In the past 12 months, have you modified your diet to  Gain weight  Lose weight  Did not modify diet 




C7 Thinking about your own life and personal circumstances, how satisfied are you with… 
(Cross box on 0         10  scale that fits best for each question) 
Satisfaction with: 
Completely Dissatisfied   Completely Satisfied   
0 1 2 3 4 5 6 7 8 9 10 
…your standard of living?            
…how safe you feel?            
…feeling part of your community?            
…your life as a whole?            
…the amount of spare time you have?            
C8 Generally speaking, how much would you say that most people can be trusted? 
 Most people can be trusted                               You must be wary of people at all times
C9 How much of an effect did the flood crisis in 2011 have on your physical possessions (house or belongings)?
 A lot                           Some effect                    Little effect             � No effect
C10 How much of an effect did the flood crisis in 2011 have on your mental health?
 A lot                           Some effect                    Little effect             � No effect
C11 In general in 2012 what impact have floods had on you when compared with 2011?
More than 2011          Less than 2011  About the same as 2011      Did not have any effect
D1 How many serves of vegetables do you eat per day?   serves/day   Eg if you eat 3 per day please put                        
(for vegetables 1 serve = 1/2 cup of cooked vegetables  or 1 cup of raw vegetables) 
D2 How many serves of fruit do you eat per day?     serves/day   Eg if you eat 5serves per day please put   
 (for fruit 1 serve = 1 banana, 1 slice of papaya or 1 cup of diced pieces of fruit) 
D3 How many teaspoons of fish sauce do you add to your food in an average day?   teaspoons per day 
 if you don’t add fish sauce at all please put    
D4 How many teaspoons of sugar do you add to your meals and drinks in an average day?  teaspoons per day 
   if you don’t add sugar at all please put    
D5 Have you ever seen “nutrition labels” on food? 
 I have seen them and have read them   I have seen them but have not yet read one   I am unaware of them
D6 How often do you use information from nutrition labels on food products to assist your food purchasing decisions?
 Every time I shop  Often  Sometimes
 Seldom  Never
   0   3 
Your food and physical activityD 
    0   5  
 
    0   0  
    0   0 
- 226 -
D11 In the past 7 days, how many times did you eat a main meal alone?  times/day 
D12 When you eat alone do you eat more, less or the same as when you eat with others? 
More  Less  About the same
D7 How well do you understand the information presented on food “nutrition labels”? 
 I understand fully  I understand most of the information
 I understand some of the information  I do not understand the information but I know it has potential benefit
 I don’t understand the information or its potential benefit
D8 Would you like to see more nutrition labeling on foods? 
 Yes  No  Don’t know
D9 On average how often do you eat the following types of food? (Please cross the one box which fits best for each food type) 
Never 







times/week Daily or more 
Food or dessert with coconut milk      
Deep fried food      
Instant foods eg instant noodles      
Fermented/ salted raw food eg crab, fish      
Fermented fruit/ vegetable      
White rice or white sticky rice      
Brown or combined brown and white rice      
Fish and fish products      
Soft drink (eg 7-Up, coke, pepsi)      
Other sweetened drinks (eg iced tea or 
coffee, sweetened herb drinks)      
Milk – fresh, carton or powder      
Vitamins or food supplements      
Fast food (Western style/farang) 
eg hamburger, pizza                  
Western bakery products eg cake, 
cookies         
D10 On your past normal day (ie not a day off or weekend), how many times did you have a meal?  times/day  
  ( please include meals and snacks ) 
 
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D13 How much of the following types of exercise do you do in a typical week? 
  ( If you exercise 3 times per week please put           If you don’t do that type of exercise at all please put    ) 
Walking continuously for at least 10 minutes 
(for work, recreation, exercise or to get from place to place) 
  times per week 
Vigorous physical activities for more than 20 minutes 
(that made you breathe harder or puff and pant) 
  times per week 
Moderate physical activities for more than 20 minutes 
(like social tennis, golf, gentle swimming or work around the house or other work)         
  times per week 
D14 How often do you do household cleaning or gardening work? 
 Seldom or never  1-3 times/month         Once or twice/week
 3-4 times/week  Everyday or almost everyday
D15 How many hours per day (ie per 24 hours) do you usually spend on the following activities? 
Activities   Duration
Standing for any purpose at all (eg for work, while socializing etc.)    hours/day 
Sitting for any purpose (eg reading, resting, writing, thinking, TV, or computer)    hours/day 
Sleeping (if you regularly sleep during the day include this also)             hours/day 
Watching TV and/or playing computer games?    hours/day 
E1 In the past 12 months, how many times did you get 
injured in a traffic crash    
 Never
 One  Two
 Three        � Four or more
E3 Did this injury limit your normal activities for 
one day or more? 
 Yes  No
E4 When this injury occurred what was your role? 
 Driver  Passenger
 Pedestrian
E5 Type of vehicle you were in or on as driver or 
      passenger? 
 Bicycle          Motorbike
 Bus, van, tour coach
 Car/pick-up   Other (eg train, plane, boat)
E2 When you experienced your most serious traffic related 
injury did you receive medical care? 
 Yes  No
Your injuries − traffic related 
   0   0    0   3 
Your injuriesE 
 
Go to question E7 
Go to question E6 
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E6 What was the other party in the collision causing 
the traffic-related injury? 
 Bicycle                  � Motorbike 
 Bus, van, tour coach
 Car/pick-up
 Other vehicle (eg train, boat)
 Pedestrian
 Animal (eg dog)
 Other object not vehicle (eg tree, road, wall)
E7 In the past 12 months, how many times did you 
       have a NON-TRAFFIC injury? 
 Never
 One         �        Two
 Three         �     Four or more
E8 When you experienced your most serious non-traffic- 
related injury did you receive medical care? 
 Yes       �  No
E9 Did this injury limit your normal activities for 
one day or more? 
 Yes   �     �            No
E10  How were you injured? 
� Assault (punch, push or kick) 
 Other blunt (non-sharp) force
 Stab/cut  Gunshot
 Fall (not pushed)�  Lifting heavy obje
 Fire, heat, scald  Near-drowning
 Bite or sting (animal, insect)  Poisoning
 Choking  Other
E11 What was the location at which your most 
serious non-traffic related injury occurred? 
�� Home 
� Sports facility 
� Workplace (agricultural) 
� Workplace (non-agricultural) 
� Other 
E12 What was the nature of your most serious 
non-traffic injury? (You may choose more than one 
answer) 
� Fracture  
� Sprain, strain or dislocation 
� Cut, bite or open wound 
� Bruise or superficial injury 
� Burn/scald 
� Concussion 
� Organ system (internal) injury 
� Other 
E13 How did this non-traffic injury occur? 
    (Please choose only one answer) 
 Unintentional/ accident
� Intentional by another person
� Intentional (not involving another person)
Your injuries − non-traffic-related 
 
Go to question F1 
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F1 Have you ever received a confirmed diagnosis from a doctor that you definitely have any of the following diseases? 
Health condition Definitely have disease 
Doctor said I am 
at risk of the disease 
Don’t have the 
disease 
Diabetes    
High cholesterol/high blood lipids    
High blood pressure                 
Ischemic (coronary) heart disease    
Cerebrovascular disease (stroke)    
Liver cancer    
Lung cancer    
Stomach cancer                        
Colon-rectum cancer              
Breast cancer                
Other cancers    
Kidney disease                         
Other disease (specify)………………….……                     
F2 What health insurance scheme/s covers you at present 
and for how long have you been covered? (please cross all
boxes which apply)(If you have been covered by a scheme for less than 
one year please put   ) 
Type of health insurance Length of coverage 
 Don’t have insurance
 Civil Servants Coverage scheme   Years 
 Employer provided coverage   Years 
 Private health insurance   Years 
 Social Security Scheme   Years 
 Universal Coverage Scheme   Years 
 Other....................................   Years 
F3 In the past 12 months how many times have you 
used the following types of health services? (You may 
choose more than one answer) 
Health service type 
Number of visits 
(past 12 months) 
 Eg if you visited once in the past 
year please put     times 
Government health centre    times 
Community hospital    times 
Private health clinic    times 
Government hospital    times 
Private hospital    times 
Traditional medicine    times 
Pharmacy    times 
Other.............................    times 
Your Health HistoryF 
 0   1    0   1  
 
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G4 In the past 12 months, for personal transport how often did you…? 
H1 How many babies have you ever given birth to?  Babies   (If you have never given birth please put   ) 
H2 Please tell us about your past and present use of the following contraceptives (If you have used for less than one year please 
put  ) 
G1 Are you a current smoker? 
 No      Yes   and I smoke   cigarettes per day
G2 Please describe your current alcohol drinking? 
 Don’t drink     Used to drink but quit
 Drink in social situations, about  glasses/week
 Current regular drinker of about  glasses/ day
G3 In the past 12 months have you ever driven 
a vehicle after consuming 3 or more glasses of 
alcohol? 
 Yes  No
 Don’t normally drive
Always Sometimes Never   Not applicable 
Use car safety belt (front seat)     No safety belt or don’t ride in front seat 
Use car safety belt (back seat)     No safety belt or don’t ride in back seat 
Ride on back step of “song thaew”     Don’t use “song thaew” 
Ride in back of open truck/pick up     Don’t use such vehicle 
Use motorcycle helmet     Don’t use motorcycle 
Ride on motorcycle with 3 or more people     Don’t use motorcycle 
Have you ever taken or used the following types 
of hormonal contraceptives? Age started using?
Age past used? 
(or age now if still using)
How long did you use it 
altogether? (don’t count 
periods of non-use) 
Oral contraceptive pill  No
 Yes  yrs  yrs  yrs 
Injections every three months 
(depo provera)  
 No
 Yes  yrs   yrs  yrs 
Contraceptive implant under the skin  
(may past 3-5 years)  No Yes  yrs  yrs  yrs 
Smoking, alcohol and transport G 
  0   0  
   0   0 
Birth and contraception (for cohort member women only to answer) 
 (Male cohort members please ignore this section) H 
 
Thank you very much for your kind cooperation 
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Calls to impose a controversial
sugar tax in Australia have been
bolstered by a new study led by
researchers from the Australian
National University.
The study, performed in Thai-
land, suggested that thousands of
cases of type 2 diabetes could be
prevented every year by cutting
out sugary drinks.
Lead author Keren Papier, from
ANU’s Department of Global
Health, said the findings could be
applicable in Australia.
‘‘A reduction in sugary drink
consumption is likely to reduce
rates of diabetes in Australia,’’ she
said. ‘‘Several countries, including
Mexico, the United States, France
and Chile, have already started
acting on sugary drinks by impos-
ing or committing to a sugar tax.
‘‘Findings from the US andMex-
ico show that applying the tax has
led to a 17 and 21 per cent decrease
respectively in the purchase of
taxed beverages among low-
income households.’’
The results came from the mas-
sive Thai Cohort Study, which ana-
lysed a nationwide sample of al-
most 40,000 adults between the
years of 2005 and 2013.
Using a statistical technique
called mediation analysis, it
showed that diabetes risk in-
creased as more sugary drinks
were consumed.
‘‘Sugary drinks are an ideal tar-
get for public health interventions
to help control the type 2 diabetes
epidemic since they have no nutri-
tional value and do not protect
against disease,’’ Ms Papier said.
‘‘Over 4000 cases of type 2 dia-
betes could be prevented annually
in the Thai population if people
avoided drinking sugary drinks
daily. Thai women, who are at
double the risk of type 2 diabetes
from drinking sugary drinks,
would be the main beneficiaries.’’
The sugar tax concept has
divided opinion both in Australia
and overseas. In February, Assist-
ant HealthMinister DrDavid Gille-
spie squashed the idea of introdu-
cing a sugar tax.
‘‘Cut to the chase: the thing with
all of the proponents of sugar
taxes, fat taxes, whatever tax, is
taxes will make people angry and it
won’t change what they eat,’’ he
said.
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10.7 Appendix G – Thesis photos 
This appendix contains photographs from my PhD related activities. These include 
photographs from: my field work in Thailand, PhD conference presentations, related 
courses, and relevant media experiences.   
2015: Preparing physician telephone 
interview invitations for TCS participants 
2015: Preparing dietary surveys to be sent 
out to TCS participants 
2015: Meeting with STOU students in 
Bangkok 
2015: Presentation at the International 
Conference on Diet and Activity Methods
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2016: Attending the 6th International 
Course in Nutritional Epidemiology in 
London 
2017: Channel 10 television interview 
on sugary drink consumption and type 2 
diabetes risk in Thai adults 
2016: Presentation at the Australian and 
New Zealand Obesity Society Annual 
scientific meeting 
2017: Media and Outreach Awards 
ceremony, Australian National University
- 237 -

